








GRINNELL //2e-U“Ggimeccred 
SPRING HANGERS 


Modern, flexibly supported piping systems can be in- 
stalled with a major saving in engineering and drafting 
time when Grinnell Pre-Engineered Spring Hangers are 
used in place of hangers individually designed for each 
load condition. 

After the load is computed the correct hanger can be 
easily selected from one of the 14 stock sizes having a 
load range from 84 lbs. to 4700 Ibs. 


COMPLETE DETAILS and engineering data on the Grinnell 
Fig. 268 Pre-Engineered Spring Hanger are included 
in a descriptive folder available on request. Keep a copy 
on hand for ready reference. 


GRINNELL COMPANY, INC. 
Executive Offices: Providence 1, R. I. 


Branches and Warehouses: 


Atlanta 2, Ga. Los Angeles 13, Cal. Providence 1, R. I. 
Charlotte 1,N.C. Minneapolis 15, Minn. St. Louis 10, Mo. 
Chicago 9, Ill. New York 17, N. Y. St. Paul 2, Minn. 
Cleveland 14, O. Oakland 7, Cal. San Francisco 7, Cal. 


Philadelphia 34, Pa. Seattle 1, Wash. 


Houston 1, Tex. 
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MINIMIZES CHANGES IN PIPE SUPPORTING FORE 


ALL-STEEL WELDED CONSTRUCTION MEETS PRESSURE 
PIPING CODE 


UNIQUE SWIVEL COUPLING PROVIDES ADJUST- 
MENT AND ELIMINATES TURNBUCKLE 


COMPACT -- REQUIRES MINIMUM HEADROOM 


INSTALLATION IS SIMPLIFIED BY INTEGRAL LOAD 
SCALE AND TRAVEL INDICATOR 


EASY SELECTION OF PROPER SIZE FROM SIMPL 
CAPACITY TABLE 
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A RETURN LINE VACUUM PUMP 
THAT CUTS HEATING COST. 


This unusual pump needs no electric current, 
cutting out greatest item of pump operating 
expense. 

More important, this pump insures absolutely 
uniform circulation in system. That means con- 
tinuous steam economy. 


Simple, compact, one moving element, no 
wearing parts, no internal lubrication. Bulletin 
No. 203 gives the facts. Your copy is waiting. 


THE NASH ENGINEERING COMPANY 
SOUTH NORWALK, CONNECTICUT, U. S.A. 
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How Piping Connections Are Made on 
Mobile Steam Power Plants 


Desicn of piping systems for 
mobile steam power plants offers 
a number of problems that are 
not encountered in stationary 
practice. It is desirable to keep 
all of the piping within the rail- 
road clearances so that it will not 
be necessary to remove sections 
of piping during transportation. 
Each of the intercar connections 
offers many problems as provi- 
sion must be made to allow for 
misalignment of the cars, unequal 
wheel wear, variable loading of 
cars, and connections for opera- 
tion on curved tracks. Usually it 
is necessary to have runs of 
piping through a number of cars, 
giving several inches of thermal 
expansion. It is desirable to pro- 
vide flexibility in the intercar 
connections, leaving straight runs 
of piping in the car, which allows 
more space around the equipment. 

The piping systems discussed 
here have been used on mobile 
steam power plants of 10,000 kw, 
3000 kw, and 1000 kw capacity. 
Two 10,000 kw plants are now in 


‘Operation at the customer’s site. 


Two of the 3000 kw plants have 
been tested on a railroad siding 
with a load run of 72 hr duration; 
during the assembly of the train 
as well as in the operation, the 
Piping systems met every expec- 
tation. No drawings of the piping 
are shown for the 1000 kw units, 
as the piping connections are 


similar to those used on the 3000 
and 10,000 kw units. 


Corrugated Piping Reduces 
Expansion Loop Dimensions 


Fig. 1 shows the main steam 
piping for the 3000 kw mobile 
steam power plants. The design 
conditions for the steam piping 
were 300 psi gage and 750 F. The 
problem consists of connecting 
the two boiler cars and then rout- 
ing the 8 in. line over the tender 
through the switchgear car into 
the turbine-generator car. The 
piping is anchored in four posi- 
tions and a major portion of the 
flexibility is provided in the inter- 
car connections. Corrugated pip- 
ing is used to reduce the physical 
dimensions of the expansion 
loops. 


* 


V. A. Elliott Describes Piping Details for 


The corrugated connections be- 
tween boiler cars is provided with 
van stone flanges in a horizontal 
plane to allow for lateral mis 
alignment of the cars and to take 
care of setups on curved tracks. 
Vertical adjustment of the pipes 
is provided by adjustable guides 
which support the piping in the 
stack end of the boiler cars. The 
flanges can be properly made up 
by varying the distance between 
cars. 

The connection 
boiler No. 2 and the tender No. 2 
is provided with van_ stone 
flanges. This arrangement gives 
a pivot point for setups on tracks 
that are not straight. 


between 


The piping between the tender 
and the switchgear car utilizes 
corrugated pipe, van stone 


- 


10,000, 3000, and 1000 Kw Railroad Units 
Mobile steam power plant units, completely mounted on railroad 
cars, are used for many wartime services, including the rehabili- 
tation of areas laid waste by the enemy. The design of the piping 
for these plants offers a number of problems not encountered in 
stationary practice. It is desirable to keep the piping within 
railroad clearances so that sections of the piping need not be 
removed during transportation. Provision must be made in the 
intercar connections to allow for misalignment of the cars, unequal 
wheel wear, variable car loading, operation on curved tracks, etc. 
How this is done is described here by Mr. Elliott, of the con- 
struction engineering division of the General Electric Company. 


* * * 
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ASSEMBLY OF ROTATING EXPANSION JOINT 


Fig. 5—Rotating type expansion joint for 10,000 kw unit 


flanges, and a ball and socket 
joint. The combination of the 
above features gives flexibility in 
all directions to allow for vertical 
and lateral car misalignment. The 
ball and socket joint also in- 
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ity of the steam loop as far as ex- 
pansion is concerned. 


The 


switchgear 


connection 


between 
and the turbine-gen- 


the flexibil- 
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gated piping with two van stone 
flanges 


both the vertical and 


horizontal planes. The four van 


erator cars is made up of corru- 
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stone flanges give ample adjust- 
ment for making up the flanges 
when the 


train is being set up for 
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Fig. 7—Elevation of intercar connections for 10,000 kw unit 
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operation. Two springs are pro- 


vided to stay the expansion loop 
against wind loads. 


Position of Piping During 
Transit 


The position of the intercon- 
necting steam piping during tran- 
sit for the 3000 kw units is shown 
in Fig. 2. It should be noted that 
all of the connections fold about 
the van stone flanges to a position 
within the clearance line without 
removing them from their re- 
spective positions. This feature 
offers definite advantages as the 
connections do not have to be re- 
moved from the piping and stored 
inside a car during transit. 

The feedwater piping for the 
3000 kw mobile plants operates at 
400 psi gage and 220 F. Fig. 3 
shows the piping from the feed 
pumps to the boilers. Universal 
joints are used for each of the 


514 


connections between cars to give 
flexibility in all directions. The 
intercar connections are trans- 
ported on the ends of the cars in 
a similar manner to the steam 
piping shown in Fig. 2. 

The small water and drip lines 
on the 3000 kw mobile units are 
installed in the side sills of the 
cars. The pipes are insulated and 
enclosed by a metal cover. The 
intercar connections are hoses 
which are removed during tran- 
sit. The heating system utilizes a 
conventional train heating line 
with hose connections at the 
couplers. 

The 3000 kw plants have three 
cooling tower cars to provide the 
condensing water. Each cooling 
tower car has two 14 in. water 
headers running the length of the 
car. These headers are connected 
between cars by means of a multi- 
arch rubber expansion joint 


which may be left connected du: 
ing transit. 
nection between the 14 in. 
tower headers and the condense 
The multi-arch rubber expansio. 


joints are identical to those used 


for connecting the cooling tow: 
headers. 


Insulation of the Piping 


The insulation of the piping i 
the cars offered no unusua! 
problems. However, it required 
special consideration to provid 
access to each of the flanged con- 
nections between the cars. U! 
the 3000 kw plants, there are re 
movable insulating blankets for 
the flanges and connections t 
which access is necessary for dis- 
connecting the piping in prepara 
tion for transportation. The smal! 
hose connections between cars 
are also provided with removable 
insulating blankets. 
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Fig. 8 shows the con- 
cooling 
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The 10,000 Kw Units 


ig. 4 shows a schematic dia- 
n of the main steam piping 
i on two 10,000 kw mobile 
plants, the design steam condi- 
tions for which were 560 psi gage 
and 825 F. The steam line has 
straight runs in the cars with the 
flexibility provided in the connec- 
tion between the cars. The line is 
anchored at the  superheater 
header and the turbine throttle. 
The thermal expansion is taken 
care of by two rotating type ex- 
pansion joints in the intercar con- 
nection. As the steam line ex- 
pands, the intercar connection 
takes a position as indicated by 


S the dotted lines of Fig. 4. 


Fig. 5 is a cross section of the 
rotating type expansion joint for 
the 10,000 kw plants. The expan- 


' sion joint essentially is made up 


of two sleeves with one arranged 
to rotate within the other. In or- 
der not to pack the joint against 
full steam pressure, a labyrinth 
packing is provided to allow the 
steam to expand from 560 psi to 2 
psi gage through a leakoff con- 
nection to the 2 psi steam header. 
The clearances are such as to 
keep the quantity of leakoff steam 
to the minimum. A ring type pack- 
ing is used to seal the joint from 
2 psi to atmosphere. A bearing 
is provided in the head of the 
joint to take the pressure thrust 
between the two rotating ele- 
ments. 

Fig. 6 shows a plan view of the 
details of the connections be- 
tween the turbine and boiler cars 
on the 10,000 kw units. To com- 
pensate for car misalignment, an 
adjustable support is provided on 
one of the expansion joints to 
give both vertical and lateral 
movement. The rotating expan- 
sion joints and the connecting 
loop are carried in transit by 
tightening the locking clamps. A 
copper expansion joint is used in 
the 12 in. low pressure steam 
header between cars. For con- 
necting the small pipes, flexible 
metallic hoses are used. The cop- 
per expansion joint and the hoses 
are stored in the parts car during 
transit. Fig. 7 shows an elevation 
of the interear connections on the 
10,000 kw plant. 

The 10,000 kw mobile plants 
must obtain circulating water 


TURBINE GEN. CAR 


CONDENSER 


INLET |i 





COOLING TOWER CAR 


Fig. 8—Circulating water connection to 
condenser, 3000 kw mobile steam power unit 


from a river or other source. A 
circulating pump and _ portable 
piping is provided with each 
power plant. The portable piping 
consists of approximately 500 ft 
of 14 in. flanged duck and rubber 
hose for the pump discharge and 
60 ft of 16 in. hose for the pump 
suction. 

The piping between cars on the 
10,000 kw mobile plants has the 
insulation protected with a metal 
cover. Access is made to the 
flanges by unbolting removable 
insulated metal covers. 


Heating and Air Conditioning 


The temperature of the operating 
space in the 10,000 kw mobile 
steam power plants is controlled by 
circulating the air through heat 


exchangers mounted on the roof of 
the car. The roof unit includes a 
fan, a heating coil, and a cooling 
coil. Damper control is provided to 
allow recirculation of the air as 
well as to permit outside air being 
taken in from 0 to 100 per cent of 
fan capacity. For winter operation 
the air is heated by the heating 
coil, which obtains steam from the 
train heating line. For warm 
weather operation the air is chilled 
by the cooling coils which are sup- 
plied with cold water from a steam 
jet refrigeration system of 70 tons 
capacity situated in the turbine 
car. The cooling water is piped 
through the boiler and turbine cars 
with the connections between cars 
made with hoses. The jets of the 
refrigerator exhaust into the main 
turbine condenser. 





CONSTRUCTION PRICE 
REGULATION REVISED 


The construction industry may 
now add to presently established 
ceilings for construction services, 
increases in wage costs since Octo- 
ber 3, 1942, that have been ap- 
proved or authorized by the Wage 
Adjustment Board, National War 
Labor Board, or Economic Stabili- 
zation Director, the Office of Price 
Administration announced last 
month. A number of other changes 
in the regulation covering the con- 
struction industry have also been 
made. 


The construction industry has 
been under price control since 
early 1942, and there are ceiling 
prices on all building and installa- 
tion services. Revised MPR No. 
251, effective August 26, the 
agency emphasized, simply revised 
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the regulation for the purpose of 
liberalizing its provisions to better 
fit the needs of contractors. Pro- 
cedural and record requirements, 
now have been reduced to an abso- 
lute minimum, OPA said. 


29 LIMITATION 
ORDERS AMENDED 


Twenty-nine limitation orders 
governing production of consumers’ 
durable products have been amend- 
ed to indicate specifically in the 
orders themselves that the prod- 
ucts they cover are subject to the 
“spot authorization” procedure is- 
sued on August 15, 1944, the War 
Production Board announced Au- 
gust 22. This action merely re- 
moves provisions in the orders that 
might appear to conflict with pri- 
orities regulation No. 25 which 
contains the rules governing the 
“spot procedure.” 
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WARTIME FUEL EFFICIENCY 





Coal for Stoker Firing 


Ir WILL BE helpful, in consider- 
ing not only stoker fuels but coal 
for all other uses, to understand 
the meaning of coal rank. The 
rank of a coal designates its classi- 
fication according to a system 
based on the proximate analysis. 
All coals fall into four major 
classes, which again are subdivided 
into groups. The four classes are 
known as anthracite, bituminous, 
subbituminous, and lignitic. Before 
discussion of the characteristics 
of these coals can be attempted, 
it will be necessary to define a 
few technical terms. These defini- 
tions are a continuation of those 
given in the June article. 


Laboratory Analyses of Coal 


There are at least five bases for 
expressing the results of a lab- 
oratory analysis of coal: (1) as 
received, (2) moist—really mean- 
ing air dried, (3) dry—all water 
expelled by heat, (4) moisture 
and ash free, and (5) moisture 
and mineral matter free. In (1), 
each constituent of the analysis is 
reported as a percentage of the 
coal as it existed when received at 
the laboratory. The moist basis 
(2) is supposed to represent what 
is in the coal after it is freed of 
surface moisture by allowing it 
to air dry until no water is ap- 
parent to visual inspection. The 
dry basis (3) reports each con- 


stituent as the percentage of what 
remains after heating the sample 
This procedure 


at 221 F for 1 hr. 
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is supposed to eliminate even the 
water inherent to the coal sub- 
stance as it is removed from the 
mine. Moisture and ash free (4) 
shows all water and the ash sub- 
tracted, leaving only combusti- 
bles. Finally, the basis (5) is an 
attempt to correct for changes 
occurring in the mineral consti- 
tuents during combustion and ac- 


sist disintegration or breaking 
It is obvious that if coal has 
screened at the mine into ce) 
sizes, and has a marked tend: 
toward weathering or slack: 
upon arrival at its destinatio 
will no longer consist only of | 
sizes established by screening 
The coal class anthracite « 
prises three groups, known 





As a contribution to the national fuel efficiency program spon- 
sored by the Bureau of Mines, we present a group of articles by 
Kalman Steiner, of which this is the third and last, discussing 
some fundamentals of the nature and utilization of coal. The 
Bureau of Mines is disseminating information on improvements 
in operating methods, so it was felt that operating engineers would 
be aided by a review of the basic technology upon which those 
methods are based. The article in the June issue indicated the 
significance of coal analyses, Btu values, and more general 
aspects of coal composition, as well as the basic concepts of 
coal combustion. The August installment was devoted to the 
technique of hand firing. The properties of coal which affect its 
use in mechanical stokers are considered in this month's article 





counts for sulphur in both the 
ash and organic substance. 

In the laboratory determination 
of volatile matter (see June is- 
sue) there is formed in the cru- 
cible a coke button residue. A 
tentative ASTM__s specification 
(D 388-36T) states “Coals which 
in the volatile matter determina- 
tion produce either an agglomer- 
ate button that will support a 500 
gram weight without pulverizing, 
or a button showing a swelling or 
cell structure, shall be considered 
agglomerating from the viewpoint 
of classification.” Thus the ag- 
glomerating properties of a coal 
are related to its caking or coke 
forming properties, and are indic- 
ative of its performance during 
combustion. Some writers use the 
term agglutinating instead of ag- 
glomerating. 

The tendency of a coal to disin- 
tegrate, or form smaller particles 
—even dust—is called weathering 
or slacking, and is quite undesir- 
able. In coal utilization, it is a 
distinct advantage that the coal re- 


anthracite, and 
all of which ar 
ranked on the dry and mineral 
matter free basis as follows: meta- 
anthracite—fixed carbon (FC) 9% 
per cent or over and volatile mat- 
ter (VM) 2 per cent or less 
anthracite—FC 92 to 98 per cent 
and VM 2 to 8 per cent; semi- 
anthracite—FC 86 to 92 per cent 
and VM 8 to 14 per cent. Coals 
to be placed in class anthracite 
must be _  nonagglomerating 
Should a coal otherwise have the 
properties of one of these thre 
groups but be agglomerating, ' 
is classified as low volatile 
bituminous. 


meta-anthracite, 
semi-anthracite, 


Coal Classes Further Divided 
Into Groups 


Coals in class bituminous ar 


subdivided into five groups, an¢ 
subbituminous into three, 4: 
shown in the accompanying table 
Class bituminous coals must be 
either agglomerating or  no0r- 


weathering, while to be classified 
subbituminous coals must be bot! 
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weathering and nonagglomerat- 
inc. It will be noted that the low 
volatile and medium volatile 
groups are classifie.. similarly to 
the anthracite class, i.e., on the 
basis of dry and mineral matter 
free fixed carbon and _ volatile 
matter. The group high volatile 
A bituminous is ranked in part 
similarly, but must also qualify 
on 14,000 Btu per lb minimum, 
moist basis, except that if the 
fixed carbon is 69 per cent or 
more the Btu requirement is dis- 
regarded. The groups high vola- 
tile B and C, and subbituminous 
A. B, and C are ranked entirely 
on the basis of moist Btu content. 

In class lignitic there are two 
groups, referred to as lignite and 
brown coal, respectively; both 
have less than 8300 moist Btu 
value. In physical form, lignite is 
required to be consolidated, while 
brown coal is unconsolidated. 

In referring to coal analyses on 
the dry and mineral matter free 
basis, it must be borne in mind 
that all the values shown are con- 
siderably higher than actually 
prevail in the “as received” coal. 
A coal that contains 2 per cent 
surface moisture, 3 per cent in- 
herent moisture, 7 per cent ash, 
and 2 per cent sulfur, and has a 


calorific value of 12,500 Btu per 
lb, all as received, on the basis 
moist (with mineral matter) 
would show 12,500/0.98 or 12,755 
Btu, and on the basis moist and 
mineral matter free would show 
13,849 Btu per lb, from the follow- 
ing American Society for Testing 
Materials formula: 
Moist, Mm-free Btu 
Btu X 100 


100 — (1.1 X %ash + 0.1 X %sulfur) 

Since moisture and ash content 
of a coal can be and are affected 
by mining and handling methods, 
as was pointed out in the June is- 
sue, the method of reducing data 
to the dry and mineral matter 
free basis compares the proper- 
ties of the coal substance itself, 
and is therefore the logical basis 
for classification of coals. 


Stokers Not Bothered by 
Volatile Content 


The preferred coals for hand 
firing are the low volatiles, in- 
cluding all three groups of class 
anthracite and the group low 
volatile bituminous. As the vola- 
tile matter increases above 22 per 
cent, the difficulty of hand firing 
increases, insofar as smokeless 
combustion is concerned. Me- 
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chanical stokers are not particu- 
larly bothered by volatile content. 
The standard forms of stokers 
can burn coal of almost any vola- 
tility or rank, providing of course 
that the furnace setting or com- 
bustion chamber is designed prop- 
erly and in accordance to the load 
to be carried. The factors deter- 
mining what coal to use in a 
particular installation or stoker 
are not reflected in the rank clas- 
sification, except as to agglom- 
erating characteristics. 

Since coal must be purchased 
on an “as received” basis, it is im- 
portant to know how much heat 
will be obtained per dollar ex- 
pended; essentially, coal is a form 
of energy and its net value is best 
expressed in terms of Btu per dol- 
lar. Yet it cannot be said the coal 
giving the most Btu’s per dollar 
is the most economical in any 
given case, because handling and 
operating costs are a factor, and 
some coals by virtue of their low 
fusing ash or other features may 
involve high handling charges. 
The only definite way to establish 
the economy of a coal is in terms 
of cost of 1000 lb of steam, includ- 
ing all fuel, labor, and overhead. 

In a general way, coals vary 
from highest rank toward lowest 
from the anthracite fields of 
Pennsylvania to the lignites of 
North Dakota. There are, how- 
ever, some fair coals, mostly sub 
bituminous, in the state of Wash- 
ington. Ash and sulfur tend to 
increase in passing from West 
Virginia low volatile bituminous 
to lowa subbituminous, and cal- 
orific value to decrease. But a 
high rank eastern bituminous 
may have a higher percentage of 
ash than a midwestern low rank 
coal; however, because of the 
higher heat content of the pure 
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coal substance it may exceed the 
midwestern coal in Btu per Ib as 
received. 


Properties of the Ash 


Some points relative to ash char- 
acteristics were brought out in the 
June article. Probably, next to 
calorific value, the properties of 
the ash are the most important 
consideration in evaluation of a 
coal for stoker firing (if, indeed, 
not the most important) from the 
viewpoint that a high calorific 
content is of little weight if the 
ash fuses and fouls up the tuy- 
eres. Just what behavior is re- 
quired of an ash depends upon 
the kind of stoker involved, and 
the percentage of rating being de- 
veloped. For commercial stokers 
of moderate size, using front- 
door removal of clinker, the ash 
must clinker in order that it 
may be removed from the fire- 
box. But if the ash fuses too 
readily it will run to the bottom 
of the retort and into the tuyeres. 
If the ash softening temperature 
is too high, the ash will not 
clinker properly and will offer 
much difficulty in 
from the firebox. It has been re- 
ported that larger sto kers 
equipped with water cooled tuy- 
eres have successfully burned 
coal at rates up to 52 Ib per hr for 
which the ash softening tempera- 
ture was 1900 F. In other types 
of stokers—chain grate, overfeed, 
spreader—the ash softening tem- 
perature is not so critical. 


Coking and Caking Properties 
of a Coal 


The coking or caking properties 
of a coal are important on under- 
feed and overfeed stokers, espe- 
cially important on chain grates, 
and of no consequence on spread- 
er stokers. High rank eastern 
coals are especially well adapted 
to underfeed and overfeed stok- 
ers, the former being the predom- 
inating type used. In thick fuel 
beds operating with high air pres- 
sure, underfeeds will attain sus- 
tained combustion rates of 60 Ib 
per sq ft and even 70 at peak load 
for short intervals, the fuel beds 
being 24 in. and more in thick- 
ness. Coking coals require agita- 
tion of the fuel bed, such as pre- 
vails in underfeed and overfeed 
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its removal . 


stokers. Chain grates, unless 
specially equipped, do not agitate 
the fuel bed, and so caking coals 
block the passage of combustion 
air through the fuel bed except 
where crevices develop, localizing 
contact of air and fuel, resulting 
in high excesses of air rushing 




















through the cracks and unburned 
fuel being rejected to the ashpit. 
The noncoking coals of the mid- 
dle west, mostly high volatile 
bituminous and _ subbituminous, 
are good fuels for chain grate 
stokers. Spreader stokers burn a 
considerable portion of the fuel, 
especially the fines, in suspen- 
sion, and so the caking quality is 
unimportant. 


Ignition Temperature 


The ignition temperature of a 
coal is the lowest temperature at 
which it will begin to burn. As 
a coal is heated, it first loses 
moisture and then volatile com- 
bustibles. Evolution of the com- 
bustibles begins at about 650 F. 
The ignition temperature of the 
coke formed by the fixed carbon 
of bituminous coal is about 765 F, 
while the minimum temperature 
at which the combustible gases 
will ignite is over 1100 F. Of 
course, gases distilled from the 
coal rise immediately to zones of 
higher temperature and are there 
ignited, but the fixed carbon must 
be pushed or moved onward to 
the hotter zone before it will ig- 
nite. 

Many chain grate and over- 
feed stokers provide an_ igni- 
tion arch of refractory over the 
point of entrance of the coal into 





the furnace. By radiating h 
into the green coal, these ignit ), 
arches promote rapid distillat )y 
of the volatiles and subsequ nt 
ignition of the coke. Underf. ed 
stokers are not so critical to g¢. 
nition temperatures, although if 
operating at light load with ¢ .a| 
of high ignition point, the p!: ne 
of ignition will rise upward in he 
retort and may upset the equ |i- 
brium or average operation. Ta: 
is to say, as the ignition tempc ra- 
ture rises, the thickness of ‘he 
fuel bed in an underfeed stoker 
increases. Since most stokers 
move coal through the firebox at 
predetermined rate, for any given 
load condition, the coal is in the 
furnace only a limited period of 
time. The sooner ignition occurs, 
therefore, the better are the 
chances the coal will be complete- 
ly burned during its passag 
through the furnace. 


Friability of Coal and Its 
Importance 


Mention has already been made 
of the property of weathering, 
which might be called natura! 
crumbling and is primarily due to 
evaporation of inherent moisture. 
An allied coal property is called 
friability; it implies likelihood of 
the coal cracking or breaking up 
in processes of handling. The 
converse is of course size stabil- 
ity, or the property of resisting 
breakage during shipment and 
other handling. Friability is akin 
to brittleness. Coal of low friabi- 
lity or good size stability is likely 
to arrive at its destination in a 
state of aggregation resembling 
the preparation given it at the 
mine, and to maintain that size 
consist when subject to the me- 
chanical attrition of conveying 
and feeding equipment. Resist- 
ance toward shattering is espe- 
cially significant in underfeed 
stokers. Experience has shown 
that the larger sizes of coal en- 
tering the auger of the screw con- 
veyor are prone to break down to 
smaller particles. The importance 
of coal size in underfeed opera- 
tion will be brought out below. 

There are two forms of labora- 
tory test for friability. The drop 
shatter test measures the re«uc- 
tion in coal sizes after dropping 4 
sample twice through a 6 ft 
height onto a steel or cast iron 
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plate. This test gives some index 
of resistance to breakage in the 
ordinary operations of preparing 
and transporting lump coal. The 
tumbler test is conducted by 
placing & sample inside a cylin- 
drical vessel that is equipped 
with longitudinal angle irons that 
will raise the coal as the cylinder 
rotates, and drop it again as the 
angle continues upward, the cyl- 
inder being 714 in. in both diam- 
eter and length. The amount of 
reduction in size during this test 
is considered an indication of sta- 
bility during mechanical handling 
of the coal in the boiler room 
equipment. 

Because the screw conveyor, if 
used as the feeding method in an 
underfeed stoker, can exert 
crushing strength upon lumps of 
coal, considerable investigation 
has been made of the relation be- 
tween size and performance of 
this type of stoker. It has been es- 
tablished: (1) the percentage re- 
duction of coal size is definitely 
related to the hardness or friabil- 
ity index, (2) the larger sizes are 
broken up before reaching the re- 
tort, (3) larger sizes tend to in- 
crease segregation of coal in the 
hopper and in the retort, (4) a 
considerable proportion of lump 
coal is actually reduced to fines 
by the time it reaches the retort, 
(5) avoidance of the larger sizes 
in the coal placed in the hopper 
reduces the work of the mechan- 
ism (otherwise required to break 
the large lumps) and gives more 
uniform distribution in the hop- 
per and the retort. Furthermore, 
the smaller the average size of 
the coal pieces, the more uniform 
will be the rate of feeding of coal 
to the retort. All things consid- 
ered, therefore, there are no good 
reasons for using larger sizes of 
coal in an underfeed stoker, and 
several good reasons for using 
mixtures of fines and smaller 
sizes. 


Experience the Best Teacher 


All coal authorities recognize 
the difficulty of laying down rules 
for either the selection or use of 
a coal to suit any particular 
plant. Only actual experience can 
give the final answer as to which 
is the best of possible choices of 
fuel, or what are the best condi- 


tions under which to burn any 
one fuel. The foregoing review 
of technical factors should assist 
the operating engineer in study- 
ing and analyzing the perform- 
ance results. A few facts have, 
however, been fairly well estab- 
lished with regard to plant opera- 
tion. For one thing, it is seldom 
that much benefit is derived from 
switching rapidly from one coal 
to another. A boiler room staff 
requires some time to become fa- 
miliar with the characteristics of 
a given fuel. The fireman learns 
much from watching his fire, ob- 
serving the caking tendencies, the 
fuel bed conditions, slagging and 
*clinkering. Sometimes the mois- 
ture content makes a great differ- 
ence in porosity of the coked fuel, 
and he therefore might find it ex- 
pedient to dampen the coal, espe- 
cially the fines, before firing. Fur- 
thermore, a short test of a coal 
is not fair to the fuel or the 
plant; it might not be of suffi- 
cient duration to cover a real 
cross section of load conditions, 
but might catch only a period of 
low or high load, or rapidly fluc- 
tuating load, while the normal 
plant condition might on the 
average be entirely different. 


Blending of Coals 


The blending of coals is not a 
highly developed art, especially in 
this country. Blending was gen- 
erally discouraged. Every coal 
has its own burning rate, and to 
blend coals so intimately that a 
fuel bed would burn uniformly is 
hardly to be expected. The ill ef- 
fects of having one portion of a 
fuel bed burn faster than another 
are obvious—holes develop in the 
fuel bed, air distribution is un- 
even, clinkering not uniform, etc. 
Yet in spite of all these reasons 
for not blending, wartime condi- 
tions sometimes require it. Trans- 
portation congestion and other 
disturbances due to all out war 
production may restrict the 
amount of coal available from 
usual sources and force a plant 
to resort to blending. If so, “ex- 
tender” coal should be selected to 
have chemical and physical prop- 
erties as close as possible to the 
usual supply. In some cases, how- 
ever, it is possible to use a mix- 
ture of high volatile bituminous 
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and anthracite to replace a low 
volatile bituminous. Whether 
such practice can be considered, 
practically, depends of course 
upon the relative freight rates of 
the several coals. If adopted, the 
mixing is best done, or at least 
started, at the yard. The anthra- 
cite can be spread as the bottom 
layer in a truck and covered with 
the bituminous. Upon being 
dumped into the user’s bin, fairly 
good mixing results. If coal is 
purchased by carload, alternate 
cars of bituminous and anthracite 
should be unloaded into the stor- 
age piles. 


Comparing Two Fuels 


In comparing relative results 
between two different fuels, as 
mentioned above, it is necessary 
to consider all items that enter 
into the cost of producing steam. 
It is not difficult to reduce to a 
common basis such expenses as 
labor for firing, cleaning and 
maintaining stoker equipment, 
etc., for one has but to divide the 
total of such expenses by the total 
tons of coal burned during the 
same length of time. To compare 


.the prices of the two fuels, it is 


necessary to know the Btu value 
and combustion efficiency ob- 
tained with each. With data in 
the following form, a calculation 
will show at what price a second 
fuel must be bought to equal an 
established steam cost. 

If D, = price of coal a, dollars 
per ton; H, =— Btu per lb, coal a; 
E, == Combustion efficiency se- 
cured with coal a; H, = Btu per 
lb, coal 6; E,, == Combustion effi- 
ciency secured with coal b; then 


DALE» 


D, = = dollars per ton 





EF, 


at which coal 6 should be 
bought for equivalent 
combustion results 

The value of D, thus secured 
should be corrected for the other 
direct expense items as calculated 
above. 

There is one factor in plant 
operation that cannot be reduced 
to a simple formula, and that is 
uniformity of steam pressure. In 
a number of plants, such as laun- 
dries and other process loads, non- 
uniform steam pressure can seri- 
ously affect continuity and quality 
in production, 


ee 

















518 





Heating, Piping & Air Conditioning, September | 944 


Design and Control 
of year ‘round comfort 


Air Conditioning 
Systems 


T ux TEMPERATURE control system 
required for a primary air system 
is much more complex than for a 
straight reheating system. One 
reason for this is, of course, that 
the control system must swing au- 
tomatically from the summer cycle 
to the intermediate cycle, or from 
the intermediate cycle to the heat- 
ing cycle. Automatic change-over 
is needed because on some days the 
change-over between two cycles 
may take place two or three times 
a day. However, for installations 
where the primary air system is 
suitable, its operating economy 
during the summer months is usu- 
ally much better than that of a 
straight reheating system. Hence, 
the added complication of the con- 
trol system may be justified. 

Incidentally, where under maxi- 
mum load conditions the sensible 
heat ratio is low, say, about 60 per 
cent or so as in Fig. 17, a straight 
reheating system will be more eco- 
nomical to operate than a primary 
air system. For example, suppose 
that the ratio line under maximum 
load conditions is represented by 
line 1-2 of Fig. 17. Suppose for 
this case the ratio line will never 
swing to the left of 1-2 and under 
light load will swing to the right 
to some position as shown by the 
dotted line. If an after-mix pri- 
mary air system is used, the pri- 
mary air must first be cooled and 
dehumidified to point 3, after which 
it is reheated to some point like 4. 
The return air is cooled by the sec- 
ondary coil to some point like 5. 
The primary air in the condition 
represented by point 4 and the re- 
turn air in the condition repre- 
sented by point 5 are then mixed, 
and the condition of the resulting 
mixture is represented by point 6 
on the ratio line 1-2. 


Copyright 1944 by William Goodman. 
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On the other hand, in a straight 
reheating system the air, after be- 
ing dehumidified to point 3, would 
simply be reheated to point 7 on 
ratio line 1-2. Because a smaller 
quantity of air can be supplied for 
a straight reheating system, the 
quantity of reheat needed will be 
less than for the primary system. 
Thus the air is reheated only from 
point 3 to point 7 for the straight 
reheating system. For the primary 
air system, the air must be re- 
heated to point 4. It can be shown 
that the extra heat needed for re- 
heating for the primary air sys- 
tem is equal to the extra heat that 
would be needed to reheat the 
weight of air required for a 
straight reheating system from 
point 7 to point 4. 

The fact that excess heat is 
needed for the primary air system 
is not so important in itself; its 
importance lies in the fact that the 
capacity of the refrigerating plant 
for the primary air system must 
be greater than for the straight 
reheating system because of the 
extra heat required for reheating. 
It should be clearly understood 
that the primary air system re- 
quires more refrigerating capacity 
than a straight reheating system 
only when reheat is required under 
maximum load conditions; that is, 
when the ratio line under maxi- 
mum load conditions is steep, like 
1-2 of Fig. 17. For almost flat ra- 
tio lines under maximum load 
conditions, like 1-2 of Fig. 15 [page 
409, July issue], the primary air 
system is, of course, superior in 
operating economy to the straight 
reheating system if the ratio lines 
during the entire cooling season 
always lie to the left and above 1-8 
of Fig. 15. 

The primary air system is, of 
course, much more limited in its 


eee 
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application than a 
heating system because it is 
able only for those installat 
where the sensible heat load i. 4). 
ways above, say, 65 per cen 0; 
the total load, and varies fron % 
per cent down to, say, 65 per en; 
if any control range is to be ob. 
tained. As is obvious from Fig 17 
if the primary air is reheated, 4) 
control range can be obtained an) 
the primary air system can pro ic 
satisfactory conditions for an 
sensible heat ratio. If the op. 
erating periods when the scnsi 
ble ratio is less than about 65 
per cent are relatively few in num. 
ber, reheating the primary air wi! 
not noticeably affect the operat 
cost. The fact that the primar 
air system can be operated the ma- 
jor part of the time without re- 
heating makes it more economica! 
to operate than a straight reheat- 
ing system. If the foregoing condi- 
tions do not exist, then a straight 
reheating system is the only one 
that will work satisfactorily for 
wide variations in sensible load. 


r 


Refrigerating Plants for Primary 
Air Systems 


Before leaving the subject of 
primary air systems, a few words 
on the refrigerating equipment ar 
needed. The primary air is, of 
course, cooled to a lower tempera- 
ture than the secondary air. Also, 
the primary air is usually cooled at 
one central point. For this reason, 
direct expansion coils can be used 
for cooling the primary air. 0 
the other hand, the use of chilled 
water is desirable for the second- 
ary coils because these coils are 
usually scattered throughout a 
building. The water can usually 


be cooled in a water chiller which 
operates at the same suction tem- 
perature as the evaporator for th 
primary air. 
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During the in-between season 
cycle, chilled water is supplied to 
the secondary coils, whereas dur- 
ing the winter heating cycle warm 
water is supplied to the secondary 
coils. The change-over between the 
two cycles may occur in some 
weather two or three times a day. 
On the heating cycle the warm wa- 
ter will probably be at a tempera- 
ture of about 90 F while on the 
cooling cycle the water may be 
around 50 F. At the time when 
the change-over is made from heat- 
ing to cooling, the compressor will 
start with 90 F water flowing 
through the water chiller. The suc- 
tion pressure will consequently 
rise. If a reciprocating compressor 
is used, the high suction pressure 
due to the 90 F water flowing 
through the chiller will not over- 
load the compressor motor. As 
was shown in the article entitled, 
Horsepower Requirements of Re- 
frigerating Compressors, which 
appeared in the December 1940 and 
January and February 1941 issues 
of HPAC, the horsepower rises to 
a maximum with increasing suc- 
tion pressures and then steadily 
decreases as the suction pressure 
increases still further. Inasmuch 
as most “Freon” compressors for 
air conditioning service normally 
operate about at suction pressures 
at which the maximum horsepower 
is required, the compressor motor 
will not be overloaded if the suc- 
tion pressure rises during the pe~ 
riod immediately after the control 
changes from the winter heating 
cyele to the intermediate cycle. The 
90 F water can safely be allowed to 
flow through the chiller if a re- 
ciprocating compressor is used. 


Preventing Overloading of Cen- 
trifugal Compressor Motor 


However, if a centrifugal com- 
pressor is used, some means must 
be used to prevent the compressor 
motor from overloading. The 
horsepower of centrifugal com- 
pressors rises steadily as the suc- 
tion pressure increases. Conse- 
quently, if the compressor is start- 
ed when warm water at a tempera- 
ture of about 90 F is circulated 
through the chiller, the com- 
pressor motor will be overloaded. 
Hence, if centrifugal compressors 
are used for a primary air system 
having an automatic change-over 


in  — Be Pe 


Fig. 17—Psychrometric chart illustrat- 
ing reheat required for a straight re- 
heating system and for a primary air 
system, when the ratio lines are steep 
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which requires the cooling of water 
initially at about 90 or 95 F, some 
means must be provided to prevent 
the suction pressure from rising 
high enough to overload the motor. 

One method which can be used 
is illustrated in Fig. 18. A three- 
way valve is used to bypass the 
water around the chiller. The 
three-way valve is controlled by 
means of a pressure regulator ac- 
tuated by the suction pressure. If 
the suction pressure is above some 
maximum predetermined point, 
enough of the warm water will be 
bypassed around the chiller to pre- 
vent the suction pressure from ris- 
ing too high. As the water is 
cooled, the suction pressure will 
drop and the three-way valve will 
send a greater percentage of the 
water through the chiller. After 
the water has been cooled to some 
predetermined point, the pressure 
regulator will keep the bypass 
closed and permit all of the water 
to flow through the chiller. For 
all water temperatures and corre- 
sponding suction pressures below 
the setting of the pressure regula- 
tor, the bypass will, of course, re- 
main closed so that all of the water 
is circulated through the chiller. 
Consequently there is no danger of 
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a freeze-up due to bypassing water 
around the chiller. 


Winter-Summer Change-Over 


With almost every type of sys- 
tem except the straight reheating 
system, some method of automati- 
cally changing the functioning of 
the temperature control instru- 
ments is required when the system 
changes from summer cooling to 
winter heating, and vice versa. For 
example, in the primary air system 
chilled water is supplied to the sec- 
ondary coils in summer and warm 
water in winter. During the sum- 
mer, on a rise in temperature, the 
room thermostat must increase the 
supply of chilled water to the coil. 
In winter, on the other hand, on a 
rise in temperature the thermostat 
must decrease the supply of warm 
water to the coil. When the sys- 
tem changes from heating to cool- 
ing, or vice versa, the functioning 
of the room thermostat must also 
be reversed. 


For year ‘round systems, the 
change-over must be accomplished 
automatically. The _ automatic 
change-over is needed because, dur- 
ing the in-between seasons of 
spring and fall, changes from heat- 
ing to cooling and back to heating 
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again occur frequently all through 
these seasons. Not only may cool- 
ing be required on one day while 
heating is required on the next, 
but even on the same day heat may 
be required in the morning, cooling 
in the afternoon, and heating again 
in the late afternoon and evening. 
Consequently, automatic change- 
over is needed for satisfactory 
functioning. 

In buildings where there is no 
objection to opening windows dur- 
ing spring and fall, the change- 
over is not particularly critical. In 
such buildings, a direct change- 
over to the heating cycle when the 
outdoor temperature falls to about 
65 F or even 60 F will be satis- 
factory assuming the heat can be 
controlled so that only a very small 
amount is provided in_ mild 
weather. One way of doing this, 
of course, is to use circulating wa- 
ter as the heating medium because 
it can be supplied at relatively low 
temperature in mild weather. But 
where windows must be kept closed 
the year ’round, the change-over in 
intermediate weather is critical 
and must be carefully planned and 
coordinated with the design of the 
air conditioning system. 

If the air conditioning system is 
to be designed so that opening of 
windows will not be necessary dur- 
ing the spring and fall weather, 
special care must be exercised in 
providing means for either heating 
or cooling of rooms as needed, 
and for providing a satisfactory 
change-over system. A _ satisfac- 
tory change-over system should not 
change the system completely from 
cooling to heating or from heating 
to cooling. During in-between 
weather both heating and cooling 
must be available as it can be in 
the primary air system. In such a 
system, the change-over simply 


goverris the broad functioning of 
the system. 


In this system, the 


change-over from heating to cool- 
ing does not completely eliminate 
cooling during the heating cycle, 
nor eliminate heating when the 
system is on the intermediate cy- 
cle. It is for this reason that au- 
tomatic change-over at a fixed out- 
door temperature is satisfactory 
for the primary air system. 


Sometimes, however, even in 
windowless buildings or buildings 
where the windows are to be kept 
closed the year ‘round, an outdoor 
thermostat set at about 60 F is 
used to change the entire system, 
or perhaps one zone, over to com- 
plete heating or to complete cool- 
ing. During the spring ani fall, 
if the system or zone is on heating, 
no cooling whatsoever is possible. 
Similarly if the system is on cool- 
ing, no heating whatsoever is pos- 
sible. Even for a single zone, heat- 
ing or cooling may be required at 
different times of day for reasons 
which have nothing to do with the 
outdoor temperature. There may 
be times when heating is required 
even though the outdoor tempera- 
ture is slightly above 60 F, and 
other times when cooling will be 
required even though the outdoor 
temperature is below 60 F. Whether 
or not cooling or heating will be 
required during in-between weather 
frequently depends upon such fac- 
tors as whether the day is cloudy 
or bright, upon the number of peo- 
ple in the space, upon the electrical 
load, and upon the lag due to the 
heat storage capacity of the build- 
ing and furniture. A change-over 
thermostat actuated only by the 
outdoor temperature fails to take 
into account the conditions inside 
the building when the change-over 
is made. For an air conditioning 
system which provides only heat- 
ing or cooling at any one time, a 
change-over dependent only upon a 
fixed outdoor temperature is pure- 
ly arbitrary and can cause consid- 
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erable operating difficulty dur », 
the in-between seasons of spr iy 
and fall. 


Two Thermostats in Room ; 
Return Air 


Another method sometimes | 
for change-over utilizes two t 
mostats in the room or return ; ;; 
one controlling the heating eq 
ment and the other the coo 
equipment. For the proper f 
tioning of this change-over met! 
the two room thermostats must ly 
set several degrees apart. Suppos 
that the cooling thermostat is set 
to operate between 77 F and 8&0 | 
while the heating thermostat is 
to operate between 70 F and 75 F 
As the temperature in the c 
tioned room drops below 77 F, th 
cooling equipment is cut off a: 
now becomes possible for the heat- 
ing equipment to run providing the 
temperature drops to 73 F. Once 
the temperature reaches 70 F, the 
heating equipment is turned on and 
continues to run until the condi- 
tioned room reaches 73 F, at which 
time the heating equipment wil! cut 
off. The controls are so wired that 
the heating and cooling equipment 
cannot run simultaneously, but this 
change-over method can work sat- 
isfactorily only if there is a fairl 
large temperature interval betweer 
the cutoff point of the cooling ther- 
mostat and the cut in point of th 
heating thermostat. 

Aside from the difficulty of prop- 
erly synchronizing the operatio 
two separate commercial thermo- 
stats, and of maintaining such syn- 
chronization over a long period 
time, such a change-over systen 
fails completely to take into ac- 
count the legitimate vagaries 
people. There are many who dur- 
ing the winter will keep a thermo- 
stat set to perhaps between 74 | 
and 77 F. The cooling thermostat, 
on the other hand, may be adjusted 
at the end of the season in rela- 
tively cool weather to maintain 4 
temperature between 72 F and 7 
F. Under these conditions, eve! 
though the heating and cooling 
equipment cannot run sin 


Fig. 18—Suggested method of pre: 
venting overloading of centrifuga! 
compressors when warm water is re 
turned to the chiller during a change 
from the heating to the cooling cycle 
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neously, they can run alternately. 
As soon as the heating thermostat 
is satisfied and stops the heating 
equ.pment, the cooling equipment 
will immediately start running and 
will run until the room has been 
cooled to the low point of the cool- 
ing thermostat. At this time the 


x * * * * 


POSTWAR PLANS 


The basic principles that govern 
the design and control of year 
‘round conditioning systems are 

and discussed in the 
series of articles of which this is 
the seventh, and which is devoted 
to comparing primary air systems 
and straight reheating systems, 
refrigerating plants for primary 
air systems, and winter-summer 
change-over. No attempt is made 
in these articles to show a collec- 
tion of control and equipment ar- 
rangements except insofar as they 
are needed to illustrate the vari- 
ous points discussed. Instead, the 
methods of accomplishing certain 
desired results in air conditioning 
systems and the broad basic prin- 
ciples that govern the applicabil- 
ity of different types of condition- 
ing systems and controls are pre- 
sented from a refreshingly new 
viewpoint. Those who are now 
designing and will be designing 
comfort air conditioning systems 
for postwar installation will find 
this discussion timely and practi- 
cal, for no matter what the devel- 
opments of the future, basic prin- 
ciples will always govern. Mr. 
Goodman, the author, is consult- 
ing engineer, the Trane Co., and a 
member of HPAC’s board of con- 
sulting and contributing editors 


* * * * * 


cooling equipment will stop and the 
heating equipment will immediate- 
ly go on. 

Any time that the ranges of the 
two thermostats cross each other, 
the heating and cooling equipment 
can operate alternately—a definite- 
ly unsatisfactory condition. People 
who own air conditioning systems 
with automatic control rightly feel 
that the equipment ought to main- 
tain any reasonable temperatures 
at which they set the thermostat, 
and that the system should be so 
installed that they can maintain 
any one of these temperatures 
Without crossing up the normal 
functioning of the equipment. 


Manual Change-Over From 
Winter to Summer 


Manual change-over from winter 
to summer is sometimes provided, 
but this is unsatisfactory in the in- 
between seasons because the change 
from heating to cooling all through 
the in-between seasons is likely to 
be both frequent and unpredictable. 
Manual change-over requires too 
much attention on the part of the 
operator. Perhaps manual change- 
over may be satisfactory for a 
single large air conditioned space 
served by a central air condition- 
ing plant. Whether or not manual 
change-over will be satisfactory un- 
der these conditions depends upon 
the vigilance and duties of the op- 
erator, but a manual change-over 
system is generally not satisfactory 
for large systems serving many 
different zones. 

Another method of providing 
winter-summer change-over is in 
effect the same as manual change- 
over although it may not always be 
immediately recognizable as such. 
Sometimes the control system 
changes over to the winter heating 
cycle whenever steam is supplied to 





the air heating coils. In installa- 
tions where the matter of supply- 
ing steam is a manual operation 
dependent upon the judgment of 
the operator, the change-over from 
winter to summer is, of course, ex- 
actly the same as a straight man- 
ual change-over and suffers from 
exactly the same defects. 


The most satisfactory air condi- 
tioning system of all is one in 
which no reversal of the control 
action is required. In a system 
which maintains the same action 
of the control equipment all through 
the year, there is no difficulty in 
maintaining satisfactory tempera- 
tures especially in the usually 
troublesome in-between seasons. 
One of the advantages of control 
by reheating is the fact that no re- 
versal of the thermostat action is 
required and that smooth control 
is obtained not only in winter and 
summer, but in the in-between sea- 
sons when heating and cooling re- 
quirements change frequently and 
erratically—a point that is fre- 
quently overlooked in designing 
year ‘round air conditioning sys- 
tems. 





CENTRIFUGAL PUMPS 
AND BLOWERS 


Oddly enough, books in English 
covering the subject of centrifugal 
pumps and centrifugal blowers 
from a modern viewpoint have 
been lacking. Centrifugal Pumps 
and Blowers, by Austin H. Chureh, 
associate professor of machine de- 
sign, New York University, is 
thoroughly modern in its treat- 
ment and incorporates a great deal 
of the most recent experimental 
results and data. Much material 
from widely different sources has 
been gathered and presented with 
clarity and thoroughness. What is 
even more valuable to the reader, 
the material is well organized and 
treated from an integrated point 
of view. 

The book is written primarily 
for the man who buys and uses 
centrifugal pumps and compres- 
sors. Nevertheless, it has enough 
material so that it should also be 
of value to designers as a conve- 
nient reference work. The user of 
pumps, by referring to this book, 
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can become acquainted with the 
latest developments and sufficiently 
familiar with them to discuss with 
confidence the meaning of a num- 
ber of terms which have come into 
common use only in recent years. 

The first two chapters cover in- 
troductory and basic material. The 
third chapter gives a conventional 
but clear presentation of the basic 
theory of pumps and blowers. How- 
ever, more than just the usual ideal 
vector diagrams is covered. Such 
topics as the incompleteness of the 
ideal equations, circulatory flow, 
prerotation of liquid, and pulsation 
are discussed in enough detail to 
give the reader an excellent back- 
ground in these topics. 

Specific speed and efficiencies of 
pumps is presented in chapter 4; 
this is a topic that is usually barely 
mentioned in most treatments. 
This chapter treats the relation- 
ship of specific speed and efficiency 
in enough detail to give an excel- 
lent idea of the various types of 
pumps that are best suited for dif- 
ferent applications. Specific speed 
is a basic coordinate and the 
° [Concluded on page 529] 
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Answering the Question: 


HOW MUCH OF MY FUEL 
SHOULD I HAVE USED? |: 
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FUEL EFFICIENCY 
COORDINATORS ADDED 

. listing of the coordinators ap- 
pointed to conduct the voluntary 
na‘ional fuel efficiency program in 
cooperation with the U. S. Bureau 
of Mines was published on pages 
400 and 401 of the July HPAC, 
and on pages 65 and 66 in the 
front section of the August issue. 





The names of additional coordina- 
tors since appointed follow: 
California 
Bakersfield Area—John J. Wilt, 
2114 B St., Bakersfield. 


Illinois 
Danville-Urbana Area — Prof. 
Julian R. Fellows, University of 
Illinois, Urbana. 


Continued—Accumulated percentages from September 1 to end of month. These 
accumulated percentages show total fuel burned from September 1 to 
end of any month for a year of normal degree days 


Sept. Oct. Nov. Dec. 


NORTH CAROLINA 





Jan. Feb. Mar. Apr. May June July Aug 


Raleigh ..... 3.1 16.3 37.8 61.1 80.3 94.7 100.0 

Wilmington .. 1.3 13.0 34.4 59.3 80.1 95.9 100.0 
NORTH DAKOTA 

Bismarck ... 2.3 A. -ao’ dae 57.6 74.4 88.3 95.8 99.4 100.0 
OHIO 

Cincinnati . 0.2 5.8 19.0 38.1 59.1 76.7 91.2 98.6 100.0 

Cleveland , Os 6.5 18.3 35.3 54.7 71.8 87.1 96.3 99.9 100.0 

Columbus ‘ 0.3 5.9 18.7 37.4 58.2 75.9 90.7 98.3 100.0 
OKLAHOMA 

Oklahoma City 3.3 16.7 38.7 63.2 82.8 95.6 99.9 100.0 

REGON 

Pare 3.7 11.6 23.7 39.9 67.1 71.1 82.8 91.0 96.7 99.4 99.6 100.0 

Portland .... 2.3 9.8 22.1 38.7 56.6 71.0 83.6 92.5 98.2 100.0 
PENNSYLVANIA 

Philadelphia ..... 0.1 $8 16.9 35.5 56.5 74.7 90.3 98.4 100.0 

oo, ’ 0.3 5.9 18.5 36.9 57.4 75.1 90.3 98.3 100.0 
SOUTH CAROLINA 

Charleston ..... ; 0.5 12.5 36.4 63.6 84.1 97.8 100.0 

Columbia .... 2.3 16.3 39.6 64.5 84.4 97.3 100.0 
SOUTH DAKOTA 

SOE, edb acces 1.4 8.0 20.3 37.8 58.2 75.6 89.2 96.5 99.8 100.0 

Rapid City ... , 1.9 90 21.1 7.5 56.0 72.1 86.0 94.6 99 100.0 
TENNESSEE 

Knoxville .... 44 18.6 39.7 62.1 80.0 94.0 99.8 100.0 

Memphis 4 2.6 16.1 38.5 63.8 83.4 96.7 100.0 

Nashville 7 17.4 38.7 62.1 SO.8 94.8 99.9 100.0 
TEXAS 

El Paso. 2.9 17.8 3.0 68.0 86.1 97.6 100.0 

Fort Worth 1.1 14.2 39.1 67.0 RRS 98.9 100.0 

Houston 10.7 39.5 72.8 96.1 100.0 

San Antonio 11.3 40.0 72.3 94.3 100.0 

TAH 

Modena 2.3 10.3 23.3 40.1 58.1 72 85.1 93.7 99.1 100.0 

Salt Lake City 1.0 7.9 20.7 39.0 58.8 74.4 87.3 95.6 99.8 100.0 
VERMONT 

Burlington 1.9 8.4 19.9 36.7 55.7 72.7 87.5 96.2 99.7 100.0 
VIRGINIA 

Lynchburg 5.2 19.1 99.6 61.7 79.¢ 8 98 100.0 

Norfolk 2.7 14.9 35.2 57.8 76 2.1 +4 1004 

Richmond 44 17.5 38.0 60.0 78.¢ 20 996 100.0 
WASHINGTON 

Seattle .. 1.0 12.3 23.7 7.8 83.3 66.4 78.6 87.7 11 74 Ts on 

Spokane .... 2.8 11.0 23.¢ $0.6 59.0 74.0 86.4 94.3 98.9 100.0 
WEST VIRGINIA 

ST Gas abe oo 1.2 8.2 21.3 39.0 58.0 74.5 88.2 96.8 100.0 

Parkersburg . 0.2 5.9 19.2 38.4 59.4 77.3 91.6 98.8 100.0 
WISCONSIN 

Green Bay .... 1.8 8.3 20.1 36.8 56.2 73.1 87.4 95.6 99.6 100.0 

La Crosse ... 1.2 7.4 19.7 7.8 58.5 76.1 90.3 97.6 100.0 

Milwaukee ... 1.1 7.1 18.7 54.9 71.4 85.7 94.6 99.3 100.0 
WYOMING 

Cheyenne ... 3.2 11.5 23.6 38.7 55.0 69.1 82.3 91.9 98.0 99.8 1000 

Lander ..... 3.4 11.4 24.0 40.7 58.2 72.6 84.8 93.0 98.2 998 if 

CANADA 

\LBERTA 

Calgary ..... 4.5 2.0 23.8 37.8 54.7 69.1 81.6 89.2 94.2 96.9 98.1 100.( 

Edmonton .... 4.4 11.3 23.3 38.1 55.9 70.6 83.2 90.2 94.4 97.0 982 100.0 


BRITISH COLUMBIA 
Vancouver 
MANITOBA 


at 4.7 13.3 24.8 39. 


54.9 68.1 80.5 89.4 95.3 98.4 99.5 1004 


Winnipeg ..... 2.4 9.1 20.9 37.3 56.5 72.9 87.1 94.4 98.6 99.4 mons 
NEW BRUNSWICK 

Moncton ..... 3.4 10.4 20.8 35.8 52.9 69.0 82.8 91.4 96.6 99.0 100.0 
NOVA SCOTIA 

Halifax ...... 27 9.2 19.3 34.2 51.2 66.5 80.6 90.8 97.3 100.0 

INTARIO 

Ottawa ' 2.4 9.2 20.6 37.4 56.7 73.8 88.4 96.4 99.6 100.0 

Port Arthur .. $4 10.2 21.1 35.9 53.3 68.8 82.4 91.0 96.3 98.6 99.2 100.0 

kee. SS PSaee 23 9.5 20.8 36.5 53.8 69.4 85.1 94.4 99.2 100.0 
PRINCE EDWARD IS 

Charlottetown . 7.2 13.9 24.2 39.0 53.0 66.4 80.8 91.2 97.5 100.0 
QUEBEC 

Montreal .. 2.2 89 20.4 37.1 56.1 73.2 87.7 96.3 100.0 

Quebec .............. 3.8 9.7 20.8 36.8 64.8 70.6 84.6 93.8 98.4 99.7 100.0 
SASKATCHEWAN 

Saskatoon .......... 3.9 10.9 22.1 37.2 55.6 71.5 85.3 92.3 96.3 98.1 95.6 100.0 








Heating, Piping & Air Conditioning, September 1944 





Area—lIra E. Nei- 
fert, Knox College, Galesburg. 


Galesburg 


Area—C. 
Delaware 


Mt. Carmel-Fairfield 
W. McCullough, 500 E. 
St., Fairfield. 

. Massachusetts 

Pittsfield Area—Weston 
rill, 100 Woodlawn Ave., 
field. 


Mor- 
Pitts- 


Michigan 
Houghton Area—Prof. James 
Fisher, Michigan College of Min- 
ing & Technology, Houghton. 
Traverse City Area—Charles 
A. Brown, P. O. Box 306, Elk Rap- 
ids. 
Montana 
Butte Area—T. J. 
P. O. Box 368, Butte. 
New York 
Syracuse Area—John B. Foley, 
Jr., 249 Erie Blvd., West, Syra- 
cuse. 


Sullivan, 


North Carolina 
Greensboro Area—Frank E. P. 
Klages, 1034 Jefferson Standard 
Bldg., Greensboro. 
Ohio 
Hamilton-Lebanon Area—L. F. 
Wertz, Town Hall, Lebanon. 
Oklahoma 


Lawton Area—W. 
Box 458, Lawton. 


Schumacher, 


Pennsylvania 

Pottsville Area—E. A. Reilly, 
Philadelphia & Reading Coal & 
Iron Co., Pottsville. 

Scranton Area—C. Schillinger, 
1109-1114 Markle Bank Bldg., Ha- 
zleton. 

York Area—H. A. Delano, 
American Chain & Cable Co., Inc., 
York. 

Tennessee 

Nashville Area—L. C. 
reau of Inspection & 
Nashville. 


Peal, Bu- 
Permits, 


Texas 
Area—Lloyd D. 
Smith-Young Tower, 


San Antonio 
Royer, 911 
San Antonio. 

Wichita Falls Area—William 
H. Rouzer, Jr., City National 
Bldg., Wichita Falls. 

West Virginia 
Kerr 
Hunting- 


Huntington Area—E. J. 
Guaranty Bank Bldg., 
ton. 

Steubenville-Weirton Area 
F. C. Sweeney, Weirton Steel Co., 
Weirton. 
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E. Rasmussen Discusses Installation for Circuit 





AIR CONDITIONING INCREASES 
PRODUCTION, IMPROVES QUALITY: 
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Breaker Assembly Room Which Holds Constant Tem- to % 
perature of 77 Degrees the Year Around and Re- ceiver 
places Separate Testing Enclosure Formerly Used 368 It 

instal 
Ecoils 


Air CONDITIONING has many 


applications in industry, but sel- 
dom is it necessary to control the 
temperature within such close 
limits as is done in the circuit 
breaker assembly room at the 
East Pittsburgh plant of West- 
inghouse. 

Because the tripping mechan- 
ism of small circuit breakers re- 
sponds to heat as generated by 
the flow of electric current, and 
because of the small deflection of 
these elements on breakers rated 
up to 100 amp at 600 volts, each 
unit must be accurately cali- 
brated at the same uniform tem- 
perature. Previous to the appli- 
cation of temperature control to 
the entire assembly area, the 
breakers were tested in a separ- 
ate air conditioned enclosure. 
This necessitated removing the 
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units from the assembly line, 
stacking them in the enclosure, 
and allowing them to stand until 
they reached the temperature of 
the test room, which was kept at 
77 F. Now the checking is merely 
the final step in the production 
process. Furthermore, since the 
temperature is held to within 
plus or minus 1 F, the uniformity 
of the product has been improved. 

Temperature in the assembly 
room, which is 60 ft wide, 240 ft 
long, and has 16 ft ceilings, is 
held at 77 F DB + 1 F the year 
‘round. With the exception of 
removing all windows and replac- 


Fig. 1—The entire small circuit 
breaker assembly room, with an area 
of nearly 15,000 sq ft, is kept within 
1 deg of 77 F dry bulb the year 
around. Air conditioning has proved 
its worth by materially increasing 
production and improving quality 
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ing them with glass brick, few 
changes were made in the room 
Lighting equipment remained as 
it was—partly incandescent and 
partly fluorescent—and it was not 
necessary to insulate the walls 
which are brick. Fig. 1, a general 
view of the work area, shows the 
sections that were replaced with 
glass brick and illustrates the 
size of the assembly room. 






Since the amount of moisture in 
the air does not affect the prod- 
uct, the humidity is not controlled 
during the summer months. How- 
ever, in the winter, it is kept t 
within 30 to 40 per cent for con 
siderations of health and comfort 
All air conditioning equipment 
was installed adjacent to and @ 
the same level with the assembly 
room, 

The cooling load was calculated 



















as 1,126,000 Btu with an outside 
air temperature of 100 F DB and 
30 F WB, and an inside tempera- 
ture of 77 F DB with 50 per cent 
relative humidity. The heating 
joad was calculated as 1,000,000 
Btu with an outside temperature 
of 0 F and 77 F inside tempera- 
ture. The internal load was cal- 
culated for 200 people, with 43 
kw for lighting and 45 kw for 
electrical appliances, motors, etc. 


Two 60 Hp Compressors 


The refrigerating equipment 
consists of two vertical, eight cyl- 
inder, single acting, direct con- 
nected, hermetically sealed, ‘“‘Fre- 
on 12” compressors, which are di- 
rect connected to 60 hp, 1750 rpm, 
60 cycle, 220 volt, 3 phase, totally 
enclosed, refrigerant cooled mo- 
tors. One compressor is equipped 
with a variable capacity attach- 
ment. There are two evaporative 
condensers, each having an air 
capacity of 14,000 cfm. The fans 
are driven through a belt drive 
by a 5 hp, 220 volt, 60 cycle, 3 
phase, 1750 rpm motor. Fan 
speed is 490 rpm. Condenser coil 
sections have a face area of 22.3 
sq ft each, and water is circulated 
by two pumps, each having a ca- 
pacity of 80 gpm at a 15 ft head. 
The pumps are direct connected 
to % hp motors. Two liquid re- 
ceivers each with a capacity of 
368 Ib of “Freon” (at 100 F), are 
installed between the condenser 
coils and the subcooling coils. 
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Industrial applications of air conditioning for increasing produc- 
tion, improving the quality of the product, and promoting the 
health and comfort of workers are many and are bound to increase 
in the competitive postwar period. Here’s an example of a product 
—circuit breakers—which must be accurately calibrated at uni- 
form temperature. Formerly, the breakers were tested in a sep- 
arate air conditioned enclosure, which necessitated removing the 
units from the assembly line, stacking them in the enclosure, and 
allowing them to stand until they had reached the temperature 
of the space. Now, with the assembly room completely air con- 
ditioned and held to within plus or minus one degree of 77 F the 
year around, the checking is merely the final step in the pro- 
duction process and both production and quality have been 
improved . .. The author is works heating and ventilating 
engineer, Westinghouse Electric & Mig. Co., East Pittsburgh, Pa. 





These subcooling coils, installed 
below the condenser coils, cool 
the liquid refrigerant leaving the 
receiver to at least 5 F below con- 
densing temperature. The evap- 
orative condensers and circulat- 
ing pumps are shown in Fig. 2. 

The evaporator is made up of 
three steel coils having a total 
face area of 61.5 sq ft, five rows 
deep. Each coil has two distribu- 
tor clusters and two suction man- 
ifolds, one for two rows and the 
other for the three rows of coil. 
Each evaporator coil has two ex- 
pansion valves. Fig. 3, showing 
both compressors, also shows the 
variable capacity attachment on 
the No. 1 compressor. 

The heating equipment consists 
of three reheat coils with a total 
face area of 60 sq ft, one row 
deep, and one preheat coil with a 
face area of 13.75 sq ft, one row 









deep. Forty-two humidifier spray 
nozzles are used to control humid- 
ity. 

The air distribution equipment 
consists of a fan with a capacity 
of 42,500 cfm, of which 35,500 
cfm is normally recirculated and 
7000 cfm is outside air. The 7000 
cfm is the amount of air exhaust- 
ed through various ventilating 
and dust collecting systems in the 
assembly room. The fan is driven 
through a v belt driven by a 20 hp, 
220 volt, 60 cycle, 3 phase, 1750 
rpm motor. 

Air is distributed through two 
main ducts the full length of the 
room. Due to wartime scarcities, 
the ducts were made of pressed 
fiber board. Sides, tops, and bot- 
toms of the ducts are joined to- 
gether by quarter-round wooden 
corner strips held in place by 
wood screws. The only metal 
used is in the angle iron hangers 
and supports throughout the en- 
tire length of the ducts. 

Twenty-four high velocity air 
diffusers are mounted along the 
length of the ducts which grad- 
ually reduce in dimensions from 
56 in. x 36 in. at the entrance to 
24 in. x 10 in. at the far end of 
the room. These diffusers give 
complete draftless air distribu- 
tion over the entire room. The re- 
turn air registers are at the end 
of the room next to the air con- 
ditioning equipment room. 

One other item of interest is 
the arrangement of the preheater. 
Since only one section of the out- 
side air intake is covered with the 


Fig. 2—The evaporative condensers 
are shown in back of the two com- 
pressors. Each is connected to one 
compressor, has 14,000 cfm capacity 
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Fig. 3—Mounted on top of the middle 
cylinder heads of compressor No. 1 
are the variable capacity attachments 
which are controlled through a series 
of mercury switches by the master 
thermostatic control in breaker room 


preheater coil, the maximum 
amount of air that can be pre- 
heated is 7000 cfm. However, 
when (in the spring and fall) 
outside conditions are such that 
by increasing the amount of out- 
side air, the load can be decreased 
on the refrigerating system, an 
adjustable damper allows this to 
be done. 

The refrigerating equipment is 
piped as two independent sys- 
tems; that is No. 1 compressor 
with the variable capacity attach- 
ment is connected to No. 1 evap- 
orative condenser and two rows 
of the evaporator coils. No. 2 
compressor is piped to No. 2 evap- 
orative condenser and three rows 
of the evaporator coils. This was 
done in order to secure a system 
as flexible as possible, and, in 


her* 
rat: 
Th 
tean 
re ¢ 
anr 
ated 
ser 
eate 
yhen 
ide : 
Of 
he 

ontr 
omp 
ortic 
egul 
ositi 
This 
hrou 



















main compressor controls. If a: 
thing should happen to shut 
the fan, the refrigerating equ 


ruption in production in the as- 
sembly room. 
As can well be imagined, rather 
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neni automatically goes off the 
ne. Thus, if the circulating sys- 
am is out of order, the thermo- 
t in the assembly room calling 
or more cooling has no effect and 
here is no danger of the evap- 
rator coils freezing up. 


The thermostat for the main 
team coils and the humidistat 
» connected in the conventional 
nanner. All are, of course, lo- 
i together on one panel in the 
ssembly room. The steam pre- 
sater control functions only 
n the temperature of the out- 
ide air has dropped to 35 F. 


Of chief interest, however, are 
master and supplementary 
onttrols for the refrigerating 
ompressors. An indicating pro- 
portioning potentiometer control 
egulates the temperature from a 
osition in the assembly room. 
his potentiometer is connected 
hrough ai series of mercury 
witches to both compressors. 





On compressor No. 1, the varia- 
ble capacity attachment, which 
pperates from condenser pressure 
cting on a three-way solenoid 
alve, controls the working of a 
pecial cylinder head. In one po- 
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Fig. 5—The variable capacity attach- 
ment on compressor No. 1 gives from 
50 to 100 per cent regulation by 25 
per cent increments. When two heads 
are cut out, “Freon” refrigerant is 
pushed back into the suction chamber 


sition, the attachment holds open 
the suction valves, the refriger- 
ant is sucked in, and is then 
pushed back into the intake cham- 
ber. In the other position, the 
suction valve is allowed to close, 
the refrigerant is compressed to 
the upper pressure limit, and the 
cylinder operates at full capacity. 

Functioning of these mercury 
switches can probably best be de- 
scribed by a supposition. Suppose 





that, as so often happens in the 
spring and fall, the weather sud- 
denly turns warm. The main ther- 
mostatic control calls for cooling. 
Compressor No. 1 comes on the 
line at 50 per cent capacity; i.e., 
four cylinders are operating and 
four are cut out. Still more cool- 
ing is required, and two more cy]- 
inders are cut in, bringing the 
capacity to 75 per cent. The next 
step brings the compressor to its 
full capacity. 

Should more cooling be _ re- 
quired, No. 2 compressor comes 
on full and No. 1 shuts down. In 
progressive steps, compressor No. 
1 comes on again at 50, 75, and 
finally 100 per cent capacity. A 
cutting back in cooling effect is 
accomplished in the reverse se- 
quence. Because of the gradual 
steps in the cooling cycle, this 
control system holds the tempera- 
ture much closer than one which 
shuts down the compressors alto- 
gether. 

Not only has this installation 
proved its worth by a material in- 
crease in production, but it has 
also helped, by holding the tem- 
perature constant, to improve the 
quality of the product. 





[Coneluded from page 523] 
uthor is to be commended for 
iving sufficient space to it. 
Chapter 5 covers the perform- 
ce curves and cavitation of 
umps. Cavitation has in recent 
ears been given considerable at- 
ention; it is of importance not 
nly because of its erosive effect 
n the impeller, but also because 
f its effect on the operation of 
umps. Chilled water pumps for 
team jet water cooling systems 
nd tail pumps for steam condens- 
8’ must be carefully selected in 
e light of our knowledge of 
avitation if operating difficulties 
e to be avoided. This chapter 
overs the effect of cavitation on 
peration in sufficient detail so 
nat pumps for handling water 
nder high vacuums can be prop- 
rly selected. 
Chapter 6 deals with design of 
anes, casings, and diffusers. Chap- 
'r 7 covers the various types of 
mpellers and their application. 
Chapters 8, 9, and 10 will be of 
onsiderable interest to users and 
ers of pumps. Chapter 8 cov- 









ers pump details and materials. It 
shows the various types of shafts 
and sleeves, packing boxes, casings, 
wearing rings, and so forth—all 
details in which users of pumps 
are likely to be highly interested. 
Pump applications and _ selection 
are covered in chapter 9. Chapter 
10 offers pointers on installation, 
operation, and testing. 

Chapters 11 to 17 deal altogether 
with centrifugal blowers. Basic 
thermodynamic data on the com- 
pression of gases are covered in 
chapter 11. Chapter 12 deals with 
the classification and performance 
curves of blowers. The design of 
a radial type blower is covered in 
chapter 13. 

Chapters 14 to 17 are likely to 
be of greatest interest to purchas- 
ers of blowers. The construction 
details of modern blowers are cov- 
ered in chapter 14. The applications 
of the various types of blowers are 
covered in chapter 15. Chapter 16 
deals with the little understood 
subject of regulation of blowers 
and is thoroughly modern in its 
approach and treatment. Chapter 
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17 deals with installation, opera- 
tion, and testing. 

Chapters 18 and 19 are likely to 
be of interest only to designers of 
pumps and blowers, chapter 18 
covering disk stresses and chapter 
19 critical speeds. 

This 308. page book contains a 
wealth of information presented in 
a clear fashion. Mathematics can 
hardly be avoided in a book such 
as this, but the author is to be 
commended for having kept it rela- 
tively simple. The book (which 
costs $4.50) is thoroughly worth- 
while and will probably serve as a 
reference in this field for a long 
time to come. 

The publisher is John Wiley & 
Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y.—W. G. 


NEW REPORT REQUIRED OF 
HEATING EQUIPMENT MAK- 
ERS: Manufacturers of extended 
surface heating equipment are re- 
quired to make a new report on 
models and sizes of equipment they 
wish to produce, the War Produc- 
tion Board reported August 23. 
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Simplifying the Calculations 
for Exchange of Radiant Heat 


B. F. Raber and F. W. Hutchinson Present Chart for the 
Graphical Solution of the Basic Radiation Equation 


Derezuination OF the net ra- 
diant exchange between two sur- 
faces separated by a non-absorbing 
medium is frequently both complex 
and tedious. The complexity arises 
from the need of evaluating the 
shape facter of one surface with 
respect to the other, while the 
tediousness is due to the need of 
working with the fourth power of 
the absolute temperature. The lat- 
ter difficulty can be readily over- 
come, without loss in accuracy, by 
setting up a graphical solution of 
the basic radiation equation; the 
former difficulty cannot be avoided 
except through use of some form 
of approximation, but for a very 
large number of practical exchange 
problems such methods give results 
satisfactory within the limits of 
required engineering accuracy. The 
intent of this article is to present, 
in simple form, one approximate 
method of evaluating shape factors 
for the general case and to provide 
a graph obviating the need of any 
calculations in solving the basic 
equation. 


The fundamental radiation form- 
ula, frequently called the Stefan- 
Boltzmann equation, is 


Q.. = 
rT. \° T, , 
100 100 


where Q,,—net radiant transfer from 
source to receiver, Btu per hr per sq 
ft of source; T,, T,=absolute temper- 
ature, F+460, of source and receiver 
respectively; and F.., F.—factors de- 
pendent on the relative emissivity 
and geometrical arrangement, re- 
spectively, of the surfaces between 
which radiant exchange is occurring. 
Strictly, the influence of emissivity 
and geometry cannot be separated 
into independent factors, but a com- 
bined term F., should be used; in 
practice convenience dictates the 
separation. 


The emissivity factor, F,, can be 
expressed in terms of the emissivi- 
ties, e, and e,, of the source and 
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receiver. For most problems which 
commonly occur in practice, F, can 
be evaluated by one of three equa- 
tions, or can be estimated by inter- 
polating between calculated values 
for two of the same three equa- 
tions. These are: 


_Equation I: Where one surface, 
either source or receiver, is complete- 










face encloses the other and tic ». 
ceiver intercepts only a smal) fry. 
tion of energy leaving the sou ve, 


Pe SR We Beis ccricupucess (111) 

The shape factor, F,, is numer, 
cally equal to the fraction of cnery 
intercepted by the receiver of thy 
leaving the source. Referring » 
Fig. 1 and considering that th 





Because of the wide interest in radiant and panel heating 

methods, there has been considerable discussion in recent months 
of simplifying the calculations now necessary in solving problems 
of radiant exchange. The authors (who are professor of mechan- 
ical engineering and chairman of the department, and associate 
professor of mechanical engineering, respectively, at the Univer. 
sity of California) have developed the method given here. The 
fundamental formula, equations for various cases, and an 
example showing the use of the method, together with tables of 
data on emissivity and shape factor, are presented with the graph 








ly enclosed by the other surface and 
is small with respect to it, 


F. = the emissivity of the 
enclosed surface ........ {1} 


Equation II: When one surface is 
completely enclosed by the other and 
both surfaces are of the same order 
of magnitude (a special example of 
this case occurs when the surfaces 
are infinite parallel planes.) 


es er 


Equation I1I; When neither sur- 
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Fig. 1—Illustrating the geom- 
etry of the shape _ factor 
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areas A, and A, are in any positia 
with respect to one another, it 
possible to show that 


1 Sf cos #, dA, dw 
r= eT 
A, a 


where dw is a small solid angle su 
tended by the infinitesimal area 4 
from a point on A,. 

But a solid angle is equal to th 
intercepting area projected on : 
plane normal to a line from th 
source divided by the length « 
that line squared, 


cos #, dA, 
dw = ———_- 


J 
or 
1 cos #, cos #, dA, dA 
Fr.=— [[-—" 4 
A, rr 


Except in the simplest case 
equation 3 presents formidable 
ficulties in the numerical evalu 


tion of shape factors. To avvll 77 
such difficulties and arrive at so-MMF the } 
tions which, though approximate 
retain the rational method and " 
most practical problems are with” 
the limit of permissible error, F. 
integrations can be elimina‘ed 2 
the shape factor equation writ ns 


in the form 




















mi eta 








- —— < 





NET HEAT TRA 


SCALE-I S$ 
S$ SCALE! & 






























































q 
\3 
\ 
\ 









































100 l 
t,- TEMP OF HOT BODY - °F 


. 2—Chart for graphical solution given in the text. Note that in the hand side should be used depending 
the basic radiation equation. The upper part of the chart, the proper upon which of the diagonal emissivity 
line refers to the example seale I, II, or III on the right or left factor lines in the top section is used 








- cos #,' As Equation 4 gives the exact solu- and r do not vary greatly with po- 
; =( te ) (cos # a4 tion for some one position of the sition of r and hence the shape 
line r. When surfaces A, and A, factor calculated by equation 4 has 

K.K. & eee Se Edn!) [4] are small with respect to the sepa- a value practically independent of 
r rating distance, values of 4,’, 6,’ the position of line r; for such cases 
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Table 1—Emissivities of typical build- 
ing materials in temperature range 
from OF to 120F 





e 
Material (average) 





Clean metal late (aluminum, 
copper, brass), average........ 0.10 
Galvanized sheet iron (average 
condition) 


REE ons 5 5c oon des ees 0.50 
GEE. van nedniessesc denne vaageratuave 0.80 
SD 6 aden dw as.0s bo ora ceeee 0.85 
eR BR Oe ee 0.87 
_,.. Bt eee oe 0.89 
EI tt ha ital ara ig ites iced bre ae a eat 0.90 
SPE Teer rr Ter Titer ree 0.92 
PEE cwaweiesteue s beakass eeu 0.95 


ae ee eee 0.96 


this equation affords a_ simple, 
practical means of directly evalu- 
ating the shape factor. Table 2 
gives values of K, and K, for given 
values of ¢. Note that in using the 
table, K, is read opposite ¢,; K, is 
read opposite ¢,. 

Having determined F, and F, by 
the methods indicated above, the 
net radiant transfer in Btu per hr 
per sq ft can be obtained from Fig. 
2 by entering the lower scale at the 
known hot body temperature, rising 
to intersect the line for the cold 
body temperature, moving horizon- 
tally to the intersection with the 
line for the known shape factor, 
rising to intersect the emissivity 
factor line, and moving either right 
or left to the intersection with the 
scale for net heat transfer. 

Let us determine the heat loss 


SATA, 2 FPR SE FRE 


by radiation from a small heating 
panel (plaster surface, operating 
at 100 F) located in a wall directly 
opposite an 8 sq ft window (inside 
surface temperature 0 F) in a 
room 20 ft wide. 


Example Shows Use of Chart 


Solution: For this case ¢,’ and 
6,” have equal values approaching 
0 deg, but since the areas are small 
with respect to the room width, the 
departure from 0 deg can be 
neglected; then, from Table 2 for 
0, = 0, K, == 0.3182 and for ¢,’ = 
0, K,— 1.0. Therefore, from equa- 
tion 4, 


A: 
F. = K, K, — 


r 


8 
= 0.3182 X 1 X — = 0.00637 
20° 


From Table 1, e, = 0.95 and e, = 
0.80. From equation III, F,—e, 
< e, = 0.95 & 0.80 = 0.76. 

The solution of this problem is 
shown by the dotted line on Fig. 2. 
Since the factor F, on the graph is 
100 times that of the problem, the 
actual rate of energy transfer is 
1/100 of the scale reading — 0.01 
< 44=—0.44 Btu per hr per sq ft 
of panel. 

If, in the above example, the heat- 
ing panel were in the ceiling, the 
problem would be solved in the 
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Table 2—Source and receiver cog. 
ficients for use in the shape act, 
equation 


r 


F, = K, K, — 
r 


Angle ¢ between 
normal to surface 
and connecting 





line, r Ks 

i a cwdalhes eh ha 0.3182 
Be Weta ate died 0.3170 
10 0.3132 
MES fe tas claw g 0.3071 
ge Ree er rrey ers 0.2990 
clas whine 6 i 6 olen 0.288: 
coals Galt anid & oes 0.2755 
a: wie suas ok Cesenke 0.2606 
RE 0.2438 
hte wie o 0.2250 
50 0.2046 
SY. adhe ata dh hve ow tol 0.1824 
de as chia taens ema 0.1590 
SE Mitts taisral i ary cael abe 0.1345 
70 0.1089 
ee eer. 0.0822 
i <—b5 Mebimiie< bes 0.0552 
Str sine dhtkesenss 0.0277 
Oe’ Bi veok chen 0.0000 


same manner, but «,’ and ¢,’ wou 
not be equal either to zero or: 
one another. 


In certain special cases F’, can 
obtained by observation rather tha 
by calculation from equation | 
Whenever one surface is complete! 
enclosed by another (as for th 
conditions of equations I and |! 
the shape factor is equal to unit 
if the source is enclosed, or equa 
to A./A, if the receiver is «. 
closed; other similar examples 
parallel planes, concentric cy!ir 
ders, etc.) will be readily apparem 





INSTALLING PROCESSING 
MACHINERY OR EQUIPMENT 

Amendment to direction 2 to 
War Production Board order L-41 
permits any person to install, with- 
out WPB approval under L-41, a 
single piece or a group of related 
pieces of processing machinery or 
equipment, or a single piece or a 
group of related pieces of any 
other machinery or equipment ap- 
proved by WPB on a special appli- 
cation form, if the total cost of the 
entire installation, including the 
cost of the equipment, does not ex- 
ceed $25,000 and if the cost of the 
job, not counting the cost of the 
equipment, does not exceed $5000. 
Building alterations necessary to 
installations may be made, but no 
new buildings or additions are per- 
mitted by the amendments. 

Under interpretation 10 of order 
L-41, if the cost of the installation 
exceeds the designated cost limits, 
permission under order L-41 is re- 
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quired even though the equipment 
has been obtained on form WPB- 
541 or form WPB-542. 


Heretofore, the cost of process- 
ing machinery or equipment was 
not counted in figuring the cost of 
the job in determining the neces- 
sity for WPB permission under 
the terms of L-41. Certain large 
industrial plants were permitted, 
under certain conditions, to install 
any number of single or related 
pieces of processing machinery, if 
the cost of the installation mate- 
rials used for each machine did not 
exceed $500. These provisions are 
changed by the amendment to L-41 
and by the establishment of the 
$25,000 cost limit in direction 2. 

Formerly, the provisions of di- 
rection 2 applied only to factories 
or plants having a productive floor 
area of 10,000 sq ft or more. The 
amendment permits the _ installa- 
tion of machinery or equipment ap- 
proved by WPB on a special form, 
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within the cost limits, withow 
qualification as to type of busines 
It also permits relocation of a 
machinery or equipment in any i 
dustrial plant or factory with 
restriction as to productive flo 
area. The former $500 cost lim 
for materials used in the relocatiu 
of equipment has been retained. 

Direction 15 to CMP regulatiu 
5 was amended to permit perso! 
engaged in a business designate 
on the schedules of that regulati 
to use their maintenance, repa’! 
and operating supplies symbol at 
rating to obtain materials for wor 
permitted by the amended dire 
tion 2 to L-41. Where no construc 
tion is involved, the amendment ' 
direction 15 to CMP regulation } 
also permits such persons to 
their MRO symbol and rating! 
obtain up to $500 worth of mat 
rials to be used in installing equ? 
ment obtained on a WPB speti# 
application form. 
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| Sam Lewis’ Page 


In this regular feature, informal comment on heating. piping. and 
air conditioning problems and their solutions is given — at the 
request of the editors — by Samuel R. Lewis. consulting engineer, 
and a member of HPAC’s board of consulting and contributing editors 


A READER of this page has asked 
how to compute cast iron elbow 
equivalents for thermal circulating 
hot water heating systems. He 
sends the accompanying drawing, 
and inquires particularly concern- 
ing: 

1) A bull head tee A in the 4 in. 


rigid outgoing header from the boiler, 
as shown in the sketch. 


2) A tee B where the expansion 
tank riser leaves the overhead hori- 
zontal flow main. Here there is no 
particular water movement upward 
into the expansion tank. 

3) A tee S in the return pipe at 
the boiler where the downflowing 
water may branch out two ways into 
the 4 in. header. 

4) The elbow equivalents in sec- 
tion Y to B? 

5) The elbow equivalents in sec- 
tion R to X? 

Our correspondent makes the 
problem more complicated and 
elaborate than is necessary, espe- 
cially if he should co: the table 
of elbow equivalents published in 
the ASHVE’s Heating, Ventilat- 
ing, Air Conditioning Guide, which 
was developed from research. This 
table is as follows: 


Iron Elbow Equivalents 


One 90 deg elbow............ 1.0 
Qne 45 deg elbow............ 0.7 
One 90 deg long sweep elbow. 0.5 
One open return bend........ 1.0 


a) One tee, with one-quarter of 

water diverted out of side. .16.0 
b) One tee, with one-third of wa- 

ter diverted out of side.... 9.0 
c) One tee, with one-half of wa- 

ter diverted out of side.... 4.0 
d) One tee, with all of water di- 


verted out of side.......... 1.8 
One open gate valve..... TA 
One open globe valve........ 12.0 
One angle radiator valve..... 2.0 
I «ins 65433 6 o's 0 sie 3.0 
TES ino dia Gc ts snned 3.0 


Ordinary elbow equivalents in 
length of pipe added are as follows: 


Pipe Equivalent Length of 

Size, In. Pipe Per Elbow, Ft. 
fe a eee 3.0 
SE ae on a b's 4.0 
Fil Mises bhesseves 4.5 
(Sn ae 5.0 
Dare wt ee «hes 5.5 
S Biue tees cccssse 6.0 


Answering item 1, the bull head 
tee: 


The two opposing water currents 


must create turmoil where they 
meet, and while such tees fre- 
quently are installed in the head- 


ers from steam boilers, they are 


not desirable even with steam, and 
certainly are not de- 
sirable with thermally 
circulating hot water 
subjected to the rela- 
tively low heat-induced 
head for creating 
water movement avail- 
able in such systems. 
The tee at A should 
be installed as_ indi- 
cated by the dotted 
lines, so that the two 
currents may blend 
with each other rather 
than oppose each other. 

Answering item 2: This tee (B) 
has all of the water flow out of the 
side, and is like the value d in the 
table, equivalent to 1.8 elbows. I'd 
say two elbows. 

As to item 3, this tee (S) has 
one-half of the water flowing each 
way and the condition most nearly 
approaches value d in the table. 
I'd say two elbows. 
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Answering item 4, the dotted 
lines indicate the better layout 
from Y to B. Commencing at Y 
on the right, the longer circuit, 
there are two elbows, then a tee of 
ce value, and another elbow, or 
seven elbows. There will be two 
more before the changed flow main 
approaches elbow C, if allowance 
for the tee at the connection to the 
expansion tank in included. 

As to item 5, commencing at R 
and running to X the circuits are 
equal and one of them includes the 
elbow at R, the tee at S and an el- 
bow near X, total four 
elbow equivalents. 

Branches, as shown 
at D, taken off the bot- 


tom of an overhead 
main, are _ excellent 
practice. The main 


may slope downward 
from B so that air will 
reach the overhead ex- 
pansion tank. 

Ordinarily no one 
bothers with pitched 
elbows on hot water 
piping systems, as the 
friction added by an extra elbow 
and nipple is more than compen- 
sated for by the improved expan- 
sion and convenience in erection 
due to these fittings. 


A reader asks how to compute the el- 
bow equivalents for the fittings shown 
in this diagram, and is answered here 
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“OPEN FOR DISCUSSION" 


Design and Control of Year “Round Comfort 
Air Conditioning Systems... Reheating 


Discussion by H. M. Hendrickson, As- 
sistant Branch Engineer, York Corp. 


I HAVE read with a great deal of 
interest William Goodman’s article 
on Design and Control of Year 
"Round Air Conditioning Systems 
in the June HPAC, which deals 
primarily with condenser reheat 
and the simplified year ’round con- 
trol obtainable with its use. 

Mr. Goodman clearly describes 
various methods for applying con- 
denser reheat, but leaves so much 
unsaid that the reader gets the im- 
pression that all you need is a cool- 
ing system plus condenser reheat 
in order to have a complete year 
‘round comfort air conditioning 
system. This is an entirely er- 
roneous impression, as condenser 
reheat does not take care of winter 
heating. Some sort of a heating 
syst®m is still necessary, as there 
will be no hot discharge gas avail- 
able for reheating unless there is 
a cooling load to keep the refrig- 
eration compressor operating at the 
same time. Of course, a reverse 
cycle heating system, with its com- 
plication of controls, might be pro- 
vided by the addition of a winter 
evaporator cooling outside air or 
well water if available, but no men- 
tion is made in Mr. Goodman’s ar- 
ticle of reverse cycle operation. Fig. 
6 of the article, showing a steam 
reheating coil, is the only diagram 
illustrating a year ’round air con- 
ditioning system. The arrange- 
ments shown in Figs. 7, 9, and 10 
for condenser reheat, and the ex- 
tremely simple controls described 
in Mr. Goodman’s article, are only 
suitable for summer cooling. A 
winter evaporator for reverse cycle 
operation, or a separate heating 
system, must be added in order to 
have year ’round air conditioning. 

On comfort applications, con- 
denser reheat is normally used for 
humidity control only (not as a 
main source of heating) during 
periods of light sensible load when 
the moisture load is relatively high. 
Such conditions in comfort work 
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occur in localities like the Ha- 
waiian Islands and the South Pa- 
cific, where the dry bulb tempera- 
ture is comparatively low with a 
correspondingly high wet bulb dur- 
ing the greater part of the year. 
In such regions, little if any heat- 
ing is required, and dehumidifica- 
tion is the main problem. Such 
conditions are ideal for the appli- 
cation of condenser reheat, but they 
rarely occur in the continental 
United States for a long enough 
period to justify the added expense 
of condenser reheat. 

An engineering analysis of the 
principles and limitations of con- 
denser reheat is given in the ar- 
ticle by S. F. Nicoll in the ASHVE 
Journal Section of the December 
1940 issue of HPAC, pp. 736-741, 
to which reference is made in Mr. 
Goodman’s article. Mr. Nicoll 
points out that condenser reheat 
finds its application on high mois- 
ture loads, particularly for indus- 
trial applications, where the hu- 
midity must be maintained within 
very definite limits. By examples 
worked out mathematically, he 
shows that the bypass system does 
a fair job of controlling humidity 
at light load conditions (probably 
close enough for ordinary comfort 
work), but when coupled with con- 


denser reheat, controls humidit: 
exactly and with the lowest overa! 
refrigeration and reheat require 
ments. Reference to Fig. 1 in M: 
Nicoll’s paper, together with hi 
explanation of load ratio lines, wi! 
add considerably to Mr. Goodman’ 
discussion of his Figs. 11 and 12 


Condenser reheat, like the by 
pass system, is a patented arrang: 
ment. Its use always results i: 
practically continuous operation o 
the refrigeration compressor. It 
application is limited to compact 
equipment arrangements with short 
piping connections between com- 
pressor, reheat coil, evaporator and 
condenser, and with proper allow- 
ance for drainage and return of 
refrigerant condensed in the reheat 
coil. For year ‘round air condi- 
tioning, some other source of win- 
ter heating—such as steam, hot 
water, gas, electricity, or reverse 
cycle—is always required, even if 
condenser reheat is used. There- 
fore, condenser reheat does not find 
much practical application in the 
ordinary comfort cooling job, un- 
less the humidity requirements are 
unusually exacting, or the condi- 
tions are such that some sort of 
reheat is always necessary even at 
maximum load conditions because 
of an abnormal latent heat load. 
The refrigerating and air condi- 
tioning engineer looks upon con- 
denser reheat as a tool for dehu- 
midifying and for close humidity 
control, particularly for exacting 
industrial applications, rather than 
as a means of heating for year 
‘round air conditioning. 


Author's reply by William Goodman, Consulting 
Engineer, The Trane Co., and Member of HPAC’s 
Board of Consulting and Contributing Editors 


Mi. HENDRICKSON’S statement in 
his second paragraph about my 
leaving so much unsaid illustrates 
one disadvantage of serial publica- 
tion of an article. In writing a 
series, each installment must of 
necessity deal with only one phase 
of the subject. Of course, I did not 
mean to imply that condenser re. 
heating was to be used for winter 
heating. I had hoped that the in- 
stallment in the June issue, as well 


as the preceding ones, had made 
plain the fact that I was discussing 
only the summer phase of tempera- 
ture and humidity control. The 
later installments of the article 
show complete year ’round systems 
in which steam or hot water coils 
are used for winter heating. Evi- 
dently the articles already published 
should have carried some statement 
to this effect. 

In any event, would the simpk 
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arrangements shown in Figs. 7, 9, 
ard 10 be any less simple if heat- 
ing means were added? The same 
thermostats—without any change- 
over devices for winter-summer op- 
eration—can of course be used 
throughout the year. 

it is difficult to see how during 
periods of light sensible load, such 
as occur, ;for instance, in the in- 
termediate seasons of spring and 
fall, reheating can be avoided if de- 
sirable conditions are to be main- 
tained. In such cases the sensible 
ratio line can swing to a vertical 
position, In the past, most air con- 
ditioning installations have been 
made in places such as theaters and 
restaurants where air conditioning 
during intermediate seasons was 
not given much consideration. If 
people were not altogether comfort- 
able, they were in the conditioned 
space’ for only a few hours a week 
at the most. Even under these con- 
tions, however, complaints are still 
heard today. 

In the postwar era, many of the 
large air conditioning installations 
are likely to be made in buildings 
in which people live and work for 
many hours of the day. Further- 
more, numbers of such buildings 
are likely to be situated in the 
downtown sections of large cities 
where noise and dirt are prevalent. 
In such cases one of the advan- 
tages of air conditioning is that it 
permits windows to be kept closed, 
shutting out the dirt and noise of 
the streets. In buildings of this 
type, the humidity load will be ap- 
proximately constant through the 
spring, summer, and fall while the 
sensible load varies widely. Under 
these conditions, reheating appears 
to be necessary if comfortable hu- 
midity and temperature conditions 
are to be maintained during periods 
of light sensible load. 

I do not want to appear in the 
position of advocating reheating 
exclusively. There are buildings 
where the operating cost or the 
first cost of reheating might make 
its use impractical. For such cases 
the primary air system alone, or in 
combination with reheating for 
light sensible loads, may prove use- 
ful. The primary system, described 
in later installments of my article, 
is more limited in its application 
than reheating. Reheating was dis- 
cussed extensively in the early in- 
stallments because it is the simplest 


and most flexible method of obtain- 
ing control of conditions within a 
building. 

In examining the arithmetical 
example in Mr. Nicoll’s paper, to 
which Mr. Hendrickson refers, I do 
not find that Mr. Nicoll shows that 
the bypass “does a fair job of con- 
trolling humidity at light load con- 
ditions,” as Mr. Hendrickson states. 
Mr. Nicoll shows clearly that under 
light sensible loads he is not able 
to maintain with the bypass alone 
the conditions which he sets in his 
example—conditions which he is 
able to maintain with reheat. To 
state that the resulting conditions 
are “probably close enough for 
comfort work” is to beg the ques- 
tion. Presumably in a real build- 
ing the sensible heat load could 
fall below the minimum set by Mr. 
Nicoll in his illustrative example. 
With a bypass, as the sensible load 


decreases, the amount of chilled and 
dehumidified air must continually 
be decreased unless the room dry 
bulb temperature is to be allowed 
to fall. With the supply of de- 
humidified air decreased by means 
of a bypass, the relative humidity 
will rise as the sensible load falls. 
The point of my article is that year 
‘round air conditioning systems 
should be so designed that they can 
maintain desirable conditions for 
all sensible heat loads. 

I make no pretensions to any 
authority in the field of patent law. 
However, since Mr. Hendrickson 
has raised the question, I would 
suggest for those interested in the 
use of condenser reheat an exam- 
ination of French patent 562,075 
issued to P. de Dianous in 1923, 
five years before Shipley applied 
for U. S. patent 1,837,797 covering 
condenser reheating. 


Mist and Dust Collection 


...-9tatic Electricity 
Comment by H. C. Murphy, Vice-president of — 


the American Air Filter Co.: Member of HPAC’s 
Board of Consulting and Contributing Editors 


I HAVE been much interested in 
the article on Mist and Dust Col- 
lection, by C. E. Lapple, published 
in the July HPAC. The author 
shows excellent command of his 
subject and I feel that these dis- 
cussions will be of benefit. 

In his comments on static elec- 
tricity, Mr. Lapple considers the 
explosion hazard set up by friction 
between dissimilar substances. A 
research bulletin issued by the 
Underwriters’ Laboratories, Inc., in 
April 1939 has the following, which 
might be of interest in this con- 
nection: 

“From these tests it appears that 
air practically free from solid or 


liquid particles is not perceptibly 
electrified under conditions ordi- 
narily obtaining in blower systems. 
If dust or lint is present in appre- 
ciable amounts, static charges of a 
magnitude capable of causing igni- 
tion by spark discharges may be 
generated. Voltages actually ob- 
served ranged from 100 to over 
10,000. It was observed that within 
certain limits the static charge in- 
creased in magnitude with increase 
in the concentration of dust or lint, 
fineness of particles, velocity of air 
stream, and decrease in humidity.” 

We believe that air cleaners are 
a worthwhile safety precaution in 
this connection. 





When engineers gather to hear a paper or talk, there comes a 
time when the meeting is thrown “open for discussion.” Some 
of the audience may offer comment amplifying the speaker's re- 
marks, others will disagree with points the speaker may have 
made, and some will want to ask questions for the speaker to 
answer ... We follow this custom here in these columns, which 
provide an opportunity for readers to comment and dicuss articles 
published in HPAC and other topics of interest to heating. piping. 
and air conditioning engineers and contractors. Your views will 
be welcomed; address The Editor, Heating, Piping & Air Con- 
ditioning, Six North Michigan Avenue, Chicago 2, [IIlinois. 
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Names for Things 
(Nonfreeze Coils) 


Comment by W. A. Evans, Dis- 


trict Manager, 


"Tl ness IS PLENTY of humor in 
Sam Lewis’ comments about Names 
for Things in the February HPAC, 
but those terms he jests about seem 
to find their way around all right. 
“Coils, traps, fins, gills, gravity, 
thermal, etc.,” seem to be inter- 
preted correctly in their right 
places. It is not likely that many 
disappointments are experienced 
because of misunderstanding of 
these terms. Not so in some uses 
of the term “nonfreeze” in connec- 
tion with blast heating coils. 

There appears to be a confused 
understanding of what a nonfreeze 
coil actually is and of the actual 
differences in construction and op- 
eration between plain blast coils, 
nonstratifying design and _ non- 
freeze. 

Plain blast coils use single tubes 
between separate supply and return 
headers. When steam is full on it 
is likely to reach all points through- 
out the face of the coil and give 
uniform temperature rise. At those 
times there is little likelihood of 
freezing if condensate is constantly 
and fully drained and the coil is 
well vented at all times. But throt- 
tle the steam and cold areas will 
appear at the most distant points 
from the steam supply, allowing 
cold strata of air to pass—with 
every likelihood of freezing the 
condensate. 


Aerofin Corp. 


Nonstratifying coils have an ex- 
ternal appearance identical with 
plain blast coils. Their steam and 
return connections are usually at 
opposite ends of the unit. They are 
subject to the same limitations as 
the plain coil when operating in 
subfreezing temperatures. Both 
must be protected against freezing 
by low limit thermostats set to 
throw on full steam or cut out the 
fan when the steam supply falls off 
or when the air off the coil drops 
to 35 F. Temperature of the air 
off the coil must never be allowed 
to go lower than 35 F. These non- 
stratifying coils do a better job of 
distributing steam throughout the 
entire face of the coil and prevent 
stratification into hot and cold 
streams, but they are unsafe in air 
temperatures below 35 F, in the 
experience of users. 

Nonfreeze coils are both non- 
stratifying and nonfreeze. The re- 
turn connection is at the same end 


as the steam supply and inner dis- 


tributing tubes are used. Conden- 
sate cannot exist even in small 
quantities except in contact with 
steam heated surface; that prevents 
freezing. The flow of condensate 
is counter to the flow of steam: 
however the steam may be throt- 
tled, there is always sufficient steam 
in contact with the condensate sur- 
face to prevent freezing. 


Author's reply by Samuel R. Lewis, Con- 
sulting Engineer. Member of HPAC’s Board 
of Consulting and Contributing Editors 


Cooncannme MY discussion of 
Names for Things, there have been 
some interesting return’ throws, 
mostly gentle but some of which 
required dodging. 

W. A. Evans comments above on 
my omission of the term “non- 
freeze convectors.” However, since 
he is a man he is not consistent 
and persists in his innocence to 
speak of the gilled convectors used 
for transferring heat by condens- 
ing steam, as coils. They are 
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straight tubes, sometimes with 
little offsets to permit some spring- 
ing, and I claim they are not coils 
at all. 

Mr. Evans’ contribution brings 
out a fact which I had not observed 
before with adequate detail—that 
there is so much difference in in- 
terior construction between true 
nonfreeze convectors and nonstrati- 
fying convectors. It appears that 
there are three types of gilled con- 
vector adapted to use with fan sys- 


tems, as follows: 

The convector with plain straig! — ,, 
slightly curved tubes between a 4). 
ply header at one end and a con o, 
sate header at the other end. 

Nonstratifying convector. This a) 
be identical in exterior appear: ne 
with the plain convector, but the up. 
ply header delivers steam through jis. 
tributing tubes within and concer ¢;; 
with the gilled tubes and the con ‘ep. 
sate in the gilled tubes drains to th, 
header at the tube ends opposite the 
supply header. It is conceivable | ha: 
when this convector is placed in a; 
air stream cold enough to freeze, th 
steam may all be condensed before th, 
condensate header is reached, thu 
permitting the condensate to freeze. 

Nonfreeze convector. Again a sv. 
perficial inspection of the exterior of 
the device may not disclose the secre: 
of its ability to withstand frost. Th 
supply and condensate headers ar 
however, combined at one end of eac! 
gilled tube. The tube, being of meta 
will not freeze. Only the water ca: 
freeze. Water cannot be present un- 
less it is being transported in the stat: 
of steam. If steam is present the in- 
ner and outer tubes will be warm fo: 
as great a distance away from th 
header as the steam pressure and heat 
removal conditions permit, and th 
condensate will be removed before i: 
can freeze. 

The Minneapolis-Honeywell Reg- 
ulator Co. owns a copyright on the 
term “aquastat,” another reader in- 
forms me. But the term is so apt 
that its owner has not, as far as | 
know, sued any one for infringe- 
ment. I think it is the inspiratio: 
of names such as these that causes 
my breaking out periodically with 
a desire for better general nomen- 
clature. 

Referring to another comment, 
“axial flow horizontal discharge 
unit heater” probably is better than 
“automobile engine cooling typ 
unit heater.” “Axial flow down dis- 
charge unit heater” seems to cover 
the “projection” type. “Radial flow 
unit heater” might describe satis- 
factorily the industrial type having 
several centrifugal fans on one 
shaft. This heater could be de- 
scribed as horizontal discharge (as 
when overhead) or vertical upward 
discharge or vertical downward 
discharge. 

ay e be 


Arthur Stout has been appointed 
publicity director of the National 
Mineral Wool Association, 127! 
Sixth Ave., New York 20, N. Y. 
and will work actively on the asso- 
ciation’s program to aid the 1944- 
45 fuel conservation drive. 
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Looking Forward 


By S. H. Downs, President, ASHVE 


Ix THESE momentous and history making days 
there is still a lot to be done to speed the winning 
of the war and as the fall season begins Society 
members have a responsibility in bringing further 
public enlightenment on fuel conservation. They 
have a challenge in several other fields as well. Sev- 
eral that come to mind immediately are: (1) Mak- 
ing the chapter organizations a dynamic influence 
in their communities, (2) expanding and financing 
a research program that will contribute to public 
welfare, (3) extending and increasing the scope 
and influence of the Society through increased 
membership. 

Steps must be taken in industry, in homes and in 
every place, where fuel is used for heat and power, 
to save this vital commodity and this offers both a 
challenge and a responsibility to all in the heating 
profession and industry. The chapters can assume 
leadership in their communities and point out the 
waste that accompanies overheating and uncon- 
trolled temperatures. 

In reports made to the Society at its Semi-Annual 
Meeting, it was evident that fuel users have only a 
limited conception of the many factors involved in 


the proper operation and maintenance of their sys- 
tems. It was shocking to learn that a survey 
indicated 20 per cent of heating plants in “good 
condition,” 20 per cent in “fair condition” and 60 
per cent in “poor condition.” If eight or nine of 
every 10 systems need attention, the opportunity is 
offered for a successful war on fuel waste before 
next winter. 


At this time the local chapter officers are plan- 
ning programs for the fall and winter season. This 
activity is evidenced by the calls received by the 
Chapter Relations Committee for program sugges- 
tions and speakers. 


During October it will be the pleasant duty of the 
officers to present charters to three newly organ- 
ized chapters in Denver, Memphis and Columbus, 
Ohio. In each locality there has been a substantial 
increase in membership so that the Society has 
gained greater strength in these areas. 


The 50th year will soon come to a close so we look 
forward to the 51st Annual Meeting at Boston dur- 
ing the fourth week of January 1945, when Massa- 
chusetts Chapter will act as host to the Society. 
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The Use of Glycol Vapors for Air 
Sterilization and the Control of 


Air Borne Infection’ 
By B. H. Jennings,” Edward Bigg, M.D.,** F. C. W. Olsonft, 


T ux TOLL of air borne disease 
presents perhaps the largest tax on 
one’s comfort and productive effort. 
Respiratory infections are respon- 
sible for an annual loss of more 
than 100,000,000 man days in 
American industry. Control and re- 
duction of this waste represents a 
real challenge to engineers and 
physicians. 

The concept of the spread of dis- 
ease by the aerial route is not new, 
but it was not until recently that 
cumulative evidence has produced 
substantiation of this theory. Much 
of the credit in this field must go 
to the fundamental work of Wells,’ 
who showed that droplets delivered 
from the _ respiratory tract by 
coughing, sneezing or talking, evap- 
orate rapidly and become droplet 
nuclei which float in the air for 
long periods, finally settling to the 
floor in the room. Here they adhere 
to dust particles and can again be 
set into motion by air currents. 
The development of simple, yet re- 
liable devices for quantitative col- 
lection of bacteria from the atmos- 
phere has also simplified and fur- 
thered bacteriologic studies on this 
problem. 

A number of workers have re- 
ported evidence, both clinical and 
bacteriologic, on the spread by air 
transmission of specific infections” 
such as hemolytic streptococcal in- 
fections, measles and mumps. Lab- 
oratory experiments have _ also 
proved that infection of susceptible 
animals occurs when they are ex- 

+The work described in this paper was 
done under contract recommended by the 
Committee on Medical Research between 
the Office of Scientific Research and De- 
velopment, and Northwestern University 

*Professor of Mechanical Engineering 
the Technological Institute, Northwestern 
University. Member of ASHVE 


**Instructor, Department of Medicin 
Northwestern University Medical Schoo! 


t+tResearch Associate, Northwestern 
University. 

1Superior numerals refer to Bibliog- 
raphy. 


Presented at the Semi-Annual Meeting 
of the American Society of Heating and 
Ventilating Engineers Grand Rapids 
Mich., June 1944 
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posed to atmospheres containing 
pathogenic organisms.* 

Air borne disease may be con- 
trolled by three methods: (1) Pro- 
duction of immunity in exposed in- 
dividuals by vaccines, serums, 
drugs, etc., (2) prevention of in- 
troduction and dispersal of disease- 
bearing organisms into the atmos- 
phere, (3) reduction in the number 
of organisms in the air of enclosed 
spaces. 

A discussion of the first two 
points is not within the scope of 
this presentation, but it may be 
said that to date these measures 
leave much to be desired, although 
great strides in their development 
have been and are being made. 

It is obvious that frequent air 
exchanges in a space will, by dilu- 
tion, reduce the total bacterial con- 
tamination of the space. This is 
the commonest means of bacterial 
control in use. However, in addi- 
tion to the fact that the method is 
not positive there are limits to the 
number of air changes possible. 
Filtering and electric precipitation 
of dust and organisms in air also 
reduce contamination but fail to 
achieve complete control. 

The bactericidal activity of ultra- 
violet irradiation is well estab- 
lished. If micro-organisms are ex- 
posed to the direct action of the 
rays, death is quickly produced. 
There are, however, certain objec- 
tions to the widespread use of this 
means of air sterilization. Since ex- 
posure of the skin and eyes to ultra- 
violet rays may produce undesir- 
able effects, individuals in the 


treated space must be _ shielded 
from the direct rays. This neces- 
sitates irradiation of only those 


zones in which the rays can be di- 
rected without interference with 
the persons in the room. Although 
the bacterial content of such zones 
is lessened, there is a remaining 
area in which direct droplet infec- 





tion may occur and in which he 
bacterial counts are high. The tv ‘a! 
effect is nevertheless a reduction i; 
air contamination since air cur- 
rents ultimately expose all the air 
to the irradiated area. 

The use of ultraviolet lamps is 
further restricted by cost of in- 
stallation and operation. The ele- 
ments must be changed at inter 
vals because after a certain per 
the wavelengths of the emitted 
rays are no longer bactericidal. 
Greatest germicidal activity is ex- 
hibited when dried organisms «re 
exposed to the rays; the effect on 
moist droplets is minimal. Ther: 
have been, however, several reports 
on clinical trials of this method 
which suggest that under certair 
conditions it may be effective. 

Sterilization of air by germicidal 
mists was attempted many years 
ago by Lister, who sprayed oper- 
ating rooms, with phenol solutions 
but further development of this 
method of bacterial control awaited 
the development of chemicals which 
fulfilled certain criteria. These in- 
clude: (1) Non-toxicity, (2) high 
bactericidal activity in low concen- 
trations, (3) imperceptibility to 
the sight, taste, and smell of the 
individual exposed, (4) availability 
in large quantities at low cost, (5 
ease of introduction into and main- 
tenance of concentration in the 
treated space. 

The first practical approach to 
this problem was made by Douglas, 
Hill and Smith in 1928.° This paper 
dealt with the use of atomized solu- 
tions of NaOCl. They were able t: 
produce marked reduction in bac- 
terial counts of air-suspended 5 
coli using a concentration of 05 
mgm NaOCl per liter of air. 

Ten years following this report, 
Masterman® extended these earlie 
observations and reported steriliza 
tion of air by 0.02 mgm of 1 per 
cent NaOCl in 1 liter of air. He 
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stated that the germicidal effect 
wos produced by molecular HOCI 
liberated from the sprayed droplets 
of NaOCl. A concurrent report by 
Trillat’ appeared in 1938. After 
experimentation with the atomiza- 
tion of the common germicidal 
agents he concluded that only re- 
sorcinol and sodium hydrochlorite 
were satisfactory. Trillat also pro- 
pounded the theory, which is now 
questioned, that these substances 
exert their effect because of their 
physical state, i.e., as aerosols. In 
brief, he believed that each droplet 
of sprayed bactericidal compound 
retained the concentration of the 
parent solution and because of its 
small size (1 to 2 microns) re- 
mained suspended in the atmos- 
phere, where it ultimately collided 
with droplets containing bacteria, 
thus acting in the same concentra- 
tion as the original solution. 

Continuing observations were 
carried farther by certain English 
workers. Pulvertaft and Walker* 
advised solutions of resorcinol, 
glycerol, and water. Twort® and 
his associates after a comprehen- 
sive study of the subject developed 
a solution containing hexyl resor- 
cinol, loral sulfate and alkaline pro- 
pylene glycol which they found 
highly effective. Both groups of in- 
vestigators based their experi- 
ments on Trillat’s aerosol theory 
and for this reason attempted to 
fnd means for the prevention of 
evaporation of droplets. This ex- 
plains the first use of glycerol and 
propylene glycol which because of 
their low vapor tensions and hy- 
groscopicity maintained droplets in 
air for longer periods. 


Properties of the Glycols 


Recently the glycol group of com- 
pounds in vapor form have been 
found to be highly effective agents 
for air sterilization.’® Although all 
glycols possess killing power in 
varying degrees, propylene glycol 
(PG) and triethylene glycol (TEG) 
fulfill most completely the criteria 
noted above for widespread use. 
These materials had been used in- 
dustrially as solvents and dehumidi- 
fying agents for many years, but it 
was not known that they presented 
any germicidal value. In fact, they 
exhibit relatively low bactericidal 
activity in test tube experiments. 
Cultures of micro-organisms grow 
readily in broth containing 15 per 
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cent propylene glycol and death 
does not occur until the glycol con- 
centration of the media reaches 75 
per cent or over. However, when 
dispersed in the air, minute quan- 
tities in vapor form exhibit a 
dramatic killing action. It might 
be mentioned at this time that this 
latter observation tends to disprove 
Trillat’s aerosol theory. Since death 
is produced almost instantaneously 
in air suspended organisms, this 
phenomenon cannot be explained by 
collision of bacterial and glycol 
droplets, but may be computed on 
the basis of interaction between 
molecular glycol and bacterial drop- 
lets. 


Toxicity Studies 

PG and TEG have the lowest 
toxicities of any compounds sug- 
gested for air sterilization. Com- 
prehensive studies on ingestion and 
parenteral administration show 
that the toxicity levels are some- 
what below that of ethyl alcohol.'' 
Observations on exposures of rats, 
guinea pigs, and monkeys to pro- 
longed periods of inhalation (ap- 
proximately two years) have shown 
no local or systemic evidences of 
toxicity. 
Physical Characteristics 
of PG and TEG 

Propylene glycol, C,H,(OH), has 
a structural formula 

- 2 & 


u—t—¢—¢—H 
H OH OH 
with a molecular weight of 76.06, 
boils at 368 F and has a vapor 
pressure of 0.016 mm of mercury 


at 68 F. Triethylene glycol, 
C,H,.0,(0OH), has a_ structural 
formula 

H H H H H H 


HO—C—C—O0—C—C-—O0—C—_C—O0H 
} | | ! ' 


HH 


| 


HH HH 
with a molecular weight of 150.17, 
boils at 548 F and has a vapor 
pressure of 0.00083 mm of mer- 
cury at 68 F. It can thus be seen 
that these are high-boiling-temper- 
ature dihydroxy-alcohols. They are 
freely miscible with water and 
highly hygroscopic. They are essen- 
tially odorless, both in liquid and va- 
por form. In very high concentra- 
tions the vapors give an impression 
of sweetness. Because of the non- 
toxic character of PG, which was 
first established, much of the early 
experimental work involved the use 
of this material. However, when 


TEG was also shown to be non- 
toxic,’' it almost completely dis- 
placed PG for bactericidal use as 
only about one fiftieth as much 
TEG is required for the same bac- 
tericidal effect. 


Fire Hazard 

The inflammability characteris- 
tics of PG and TEG have been 
studied and reported elsewhere.’ 
It has been found that: 


1. The vapor-phase concentrations 
required for air sterilization were 
completely free of any fire hazard. 

2. The presence of water in com- 
bination with glycol greatly reduced 
its combustibility. This was particu- 
larly significant, since samples of con- 
densed material from surfaces as cold 
as —20 F never contained more than 
20 per cent glycol. It is impossible to 
ignite such solutions even with pro- 
longed application of heat. 

3. The introduction of small quan- 
tities of water with glycol renders 
large storage tanks relatively inactive 
as far as inflammability is concerned. 


Small Chamber Experiments'’ 


These experiments were carried 
out in small glass chambers of two 
cu ft capacity. Bacterial cultures 
were sprayed into the space by 
glass atomizers and measured quan- 
tities of air were removed for quan- 
titative determination of bacterial 
content. Since there is a constant 
spontaneous reduction in recover- 
able organisms from the atmos- 
phere after spraying, a control 
chamber was used in each experi- 
ment. Agitation of the air to insure 
mixing was accomplished by the 
use of small revolving fans. Or- 
ganisms tested and found to be sus- 
ceptible to the action of glycol va- 
pors were pneumococci, hemolytic 
and non-hemolytic streptococci, sta- 
phylococci, Escherichia coli, H. in- 
fluenzae, B. pertussis, and Strepto- 
coccus viridans. Careful controls 
were carried out to show that ac- 
tual death for the test organisms 
occurred. 

To demonstrate the virucidal ac- 
tivity of PG and TEG** mice were 
placed in the test chambers and a 
mouse-adapted strain of influenza 
virus (P.R.8) was then atomized 
into the space. Complete protec- 
tion of the exposed mice occurred 
in the glycol treated chambers in 
contrast to almost 100 per cent 
death of mice in the untreated 
chamber. 

Conclusions drawn from the 
above experiments were: (1) In 
concentration of 0.2 mgm PG per 
liter of air and 0.005 mgm TEG 
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that organisms sus- is a photographic reproduction of He) 
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time. This simulated made and showed that if air ex \ 
field conditions as changes were kept at a minim im, — » 
closely as possible. the glycol concentration decre: « 
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glycol actions than dried organ- 
isms. 


the presence of the material per- 
ceptible to the laboratory workers 
Observations were made to deter- 
mine whether any evidence 

stratification of glycol vapor at dif- 
ferent levels in the quiescent 
room existed. Tests running over 
a 30-hour period showed no sig- 
nificant variation in glycol concen- 
tration at different levels in th 


turning on two large propeller type 
circulating fans placed in the room. 
It was then made air tight and 10 
cu cm of the bacterial suspension 
were sprayed directly under the 
two circulating fans, at opposite 
sides of the room. Bacterial air 
samples were taken immediately 
after the cessation of the spray and 
at intervals of 15 min for a total 


teriliz 
uilt u 
The 
apor i 
everal 
most : 
und 
yn aqu 
remel) 


Tests in Large Unoccupied Space 


Studies preliminary to large 
scale application were conducted in 
an air conditioned test room of the 
Technological Institute of North- 
western University shown in Fig. 
1. This room is 38 ft long, 17 ft 

















wide and 16 ft high, with an ap- period of 2 hours. The doors and test room. vith w 
proximate volume of 10,000 cu ft. windows were then rue 0! 
It is insulated, extremely tight in reopened, fans speed- , STAPHYLOCOCCUS ALBUS he ter 
construction and with special seal- ed up and the room akes p 
ing reduces air infiltration and ex- allowed to air for one CONTROL TEST ration 
filtration to a low minimum. Large hour. The space was t atm 
refrigeration type doors were used again sealed, glycol igh i 
for entry and over each of the win- vapor introduced, and emper; 
dows. This enabled us to carry out 10 cu em of the same p12 F. 
our experiments without the factor bacterial suspension lycol 
of large quantities of uncontrolled used for the control wrize 
air. Tests were made to: (1) Dem- test were sprayed un- eratur 
onstrate the lethal action of glycol der the fans. Samples Vhen 
vapors in this large space, (2) test of air with the same eated, 
the effectiveness of vapors pro- time intervals as be- ile co 
duced by different methods, and fore were taken to de- eadily 
(3) check the distribution of glycol termine bacterial con- nd gl 
vapors in a room of significant tent. Glycol concen- 20 mamuTeS LATER rom ¢ 
capacity. trations existing in nee te 
The results of these experiments the air were also f Fig. 
have been previously reported,'® but measured. Results of nian n aque 
it would be of interest at this time the tests corroborated aa een 0 er eee} Wiling 
to review the findings. the small chamber ex- ~r cor 
Test organisms used were Sta- periments and the lyeol a 
phylococcus albus and a guinea pig same striking bac- ater-v 
strain of hemolytic streptococcus tericidal activity of titute 
(streptococcus C). Bacterial sus- ired sit 
pensions were made in filtered elative 
—— ween £ 
xiTer, further, clarification this may be Fig. 2--Baeterial eel 
centration of 0.67 parts per million by plates from test room . : 
volume or 3.42 parts per million by weight. (Staphylococcus albus) COLONY COVENT #08 nen om? ‘on In 
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Fig. 3 — Temperature 
composition diagram of 
triethylene glycol 


treated with glycol 

\ vapor. 
As boiling of such 
a mixture continues 
and water leaves at a 
more rapid rate, the 
remaining liquid be- 
comes richer in gly- 





col and its boiling 








—ot—t= a ee eee — ae ee 
5 vo so vo #0 so “0 so 
- vee oge Cent - 

° ro 30 “0 ° 
. SaTER FER CONT 


Means for Generation of Vapor 

















Before application of the germi- 
idal effect of these vapors could 
be made, it was necessary to de- 
elop practical means for their gen- 
ration. Such apparatus had to be 
f sufficient size and capacity to 
reat large spaces and incorporate 
ontrol devices so that adequate 
terilizing concentrations could be 
built up and maintained. 

The problem of putting glycol 
apor into the air can be solved in 
veral different ways, one of the 
most satisfactory of which was 
ound to be by vaporization from 
yn aqueous solution. TEG is ex- 
remely hygroscopic and miscible 
‘ith water in all proportions. As is 
rue of miscible binary mixtures, 
he temperature at which boiling 
akes place varies with the concen- 
ration of the particular mixture. 
t atmospheric pressure, solutions 
igh in water will vaporize at a 
emperature above, but close to, 
12 F. Solutions of TEG rich in 
flycol and low in water will va- 
orize closer to the boiling tem- 
erature of pure glycol, 548 F. 
Vhen a glycol-water solution 
eated, water, being the more vola- 
ile component, vaporizes more 
eadily; however, both water vapor 
nd glycol vapor are delivered 
rom the boiling mixture. Refer- 
nee to the composition diagram 
yf Fig. 3 shows, for example, that 
n aqueous solution of TEG with a 
oiling point of 262 F delivers va- 
hr containing about 3 per cent 
lyeol and 97 per cent water. This 
fater-vapor delivery does not con- 
titute a disadvantage but is de- 
ired since, as has been noted above, 
lative humidities ranging be- 
ween 25 and 60 per cent are re- 
uired for optimum bactericidal ac- 
ion in the space which is to be 
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temperature rises. If 
the heat supply is 
continued, ultimately 
pure glycol will re- 
main. From a given vaporizer ves- 
sel, in an operating range of 240- 
290 F, the amount of glycol re- 
moved is so small that it requires 
infrequent replacement while water 
must be added almost continuously. 

The concept of maintaining a 
constant glycol concentration be- 
came the basis of the control sys- 
tem for the vaporizer.§ As the de- 
vice operates, and its temperature 
rises to a given point, a thermostat 
set at that temperature opens a 
solenoid valve which in turn feeds 
water into the vaporizer in amount 
sufficient to lower the vaporizer 
temperature to the point at which 
the valve is closed. Thus by action 
of a simple thermostat controlling 
a water feed valve, the boiling tem- 
perature can be kept in a narrow 
range and the relative rate of water 
and glycol delivered to the air ac- 
curately controlled. Varying the 
rate of heat input controls the rate 
at which water and glycol are deliv- 
ered to the air, but does not vary 
the ratio of glycol to water vapor. 
Any desired ratio can easily be ob- 
tained by merely adjusting the 
temperature at which the ther- 
mostat is set to operate. A high 
thermostat setting gives a larger 
percentage of glycol vapor, a 
lower thermostat setting, a rela- 
tively larger percentage of 
water vapor. The functions are 
thus performed in this manner: 
change thermostat setting to 
vary relative water-glycol vapor 
delivery, change heat input to 
vary quantity delivered. 





oe 
20 ° + 
eo 


§Patent application made and as 
signed to the Secretary of War 


Fig. 4—Saturation density of tri- 
ethylene glycol vapors 
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The simplicity of this contro] and 
its effectiveness have been well dem- 
onstrated in field tests in which the 
authors have been able to build up 
or reduce the glycol concentration 
in the space by application of the 
principles outlined above. With con- 
stant wattage input at the electric 
heater it should be observed that an 
increase in thermostat setting will 
permit the heat to work to a great- 
er extent on glycol vaporization, 
and consequently build up the gly- 
col concentration in the space, al- 
though under these conditions less 
water is supplied. 

In all authors’ field tests a va- 
porizer was used. The first tests 
were made using a laboratory model 
vaporizer, but the later tests were 
made with a commercially manu- 
factured vaporizer made to authors’ 
specifications. This is pictured in 
Fig. 5 and consists of a double 
shelled unit with the space between 
the shells filled with suitable insula- 
tion. The vapor is discharged from 
a pipe which attaches into the vapor 
space of the unit just beneath a 
removable top. This outlet can be 
piped to lead the vapor into a duct 
system or if the vapor is delivered 
in front of a fan it can 
tributed by air currents through- 
out a small room. An indicating 
thermometer is placed at the lower 
front of the unit and above this is 
a 1000 watt immersion heater. To 
the right of the heater is a tem- 
perature control switch which is 
adjusted to open the solenoid valve. 
Thus when the temperature 
to a certain point, indicating that 
the water concentration in the solu- 
tion is too low, this switch opens 
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the solenoid valve, which remains 
open until the boiling temperature 
drops to a low enough point for the 
temperature control switch to op- 
erate and close the solenoid valve. 
At the left of the heater element 
is a high-temperature safety cut- 
off switch to protect the vaporizer 
from overheating. Near the top in 
a central location can be seen a 
high-level liquid float control which 
trips the electric circuit in the 
event that the liquid level becomes 
too high. Below this is a manual 
reset which has to be used to put 
the unit back in service when 
either the float switch or high- 
temperature cut-off operates. A 
gage glass to show liquid level is 
attached. 


In addition to investigating the 
characteristics of a vaporizer,” a 
large amount of work was done 
concerning the use of an atomizing 
device or scrubber unit for putting 
glycol into the air.'‘® Under this 
method an atomizing nozzle forces 
a mist of the aqueous glycol solu- 
tion into a moving air stream. 
Eliminator plates following the 
nozzle remove the liquid particles, 
which drain back to the pump res- 
ervoir. Water and glycol vaporize 
into the air stream and are deliv- 
ered by the attached duct system 
to the treated space. 


There is a certain point at which 
glycol vapor will be sufficient in 
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Fig. 5—Glycol vapor- 
izer 
amount to saturate 


completely the atmos- 


phere. Above this 
point if additional 
quantities of glycol 


are present they must 
exist in suspension in 
a foglike condition. 
In the case of the 
atomizing device the 
amount of vapor 
which passes into the 
air will depend upon 
the air temperature, 
and a fog in the treat- 
ed space would not 
arise unless the air 


temperature leaving 
the atomizer drops 
appreciably. For any 


aqueous solution be- 
ing sprayed into pass- 
ing air there is a cer- 
tain relative humidity 
of water and glycol vapor concen- 
tration in equilibrium. The con- 
trol of such a unit thus hinges 
about the use of the proper aqueous 
solution to give the desired glycol- 
humidity equilibrium in the treated 
space. Automatic controls for this 
purpose are being worked on but 
have not yet been perfected. It 
will be realized that air with a low 
glycol vapor content entering can 
carry only a certain maximum con- 
tent of glycol vapor as it is dis- 
charged. Thus with such a system, 
using recirculated air and an atom- 
izer, the glycol concentration in the 
air will rise to the desired maxi- 
mum which can be reached only by 
vaporization into the airstream for 
the particular air temperature at 
which operation is being carried on. 

The development of a sensitive 
means of detection of glycol in the 
air which would control the opera- 
tion of the glycol generator is nec- 
essary for complete maintenance of 
desired room concentrations. Such 
devices are being studied. Until 
they are available one must com- 
pute the approximate number of 
air exchanges and introduce vapors 
at a rate sufficient to compensate 
for exfiltration. It is believed, how- 
ever, that the final development of 
the air scrubber will operate to 
maintain constant concentrations. 


In Fig. 4 are data on air sat- 
urated with triethylene glycol. Sat- 


urated in this sense means tha 
amount of vapor held is the : 
mum which can exist in spa 
vapor at a given temperatur: 
such saturated air is cooled, f. 
mist would appear as the e 
vapor over that required for sa 
tion at the lower temperature 
denses out as fog or precipi 
on surfaces. Notice that the 


uration density rapidly incr: ase. 


with temperature. Fortunatel) 
der desired inside temperat 
the bactericidal concentratior 
the glycols required are far | 


the saturation or fog conditiols j 


air and the glycol cannot norma! 
be detected by the occupants in a 
way. 

Propylene glycol, as before m: 
tioned, is also an effective air 
ilizing agent, but it is needed 
much greater quantities, nar 
between 0.1 to 0.3 milligram » 
liter (0.044 to 0.13 grain pe: 
ft) for effective bactericidal 


tion. These concentrations also ar 


far from saturation so that it «: 
be used with little probability 

detection by the occupants of 
treated space. 


lene glycol is required than tr 


ethylene, the latter is replacing * 


in favor. 

A few simple mathematical « 
siderations will be helpful in 
derstanding the manner in whi 
glycol concentrations may be | 
up in a room. 

For example, when: 


w= pounds weight of glycol vap 
in room. 
a=number of air exchanges p 
hour. 
b= glycol output of vaporizer 
pounds per hour. 
t = time in hours. 
then 
dw 
— — 6b — aw, 
dt 
the solution of which, assuming a 
initial condition where w= 0 whs 
¢= 0, is 
b 
w= — (l—e™'). 
a 
The maximum 
therefore, when 
b 


a 


As long as there is some air ex 
change taking place in the room 


the glycol concentration wil! 


crease to a fixed value but cann 
Also the 


increase indefinitely. 
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However, inasmuc> 
as from 40 to 60 times more propy- 


value occurs 
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vreater the number of air ex- 
changes, the sooner the final con- 
centration will be reached. 


Tests on Large Occupied Spaces 


For this purpose eight dormi- 
tories were selected, each housing 
approximately 80 men. Four of 
these were used as test spaces and 
four were used as controls. Each 
room was approximately 120 ft 
long, 30 ft wide, and 9 ft high, 
having a capacity of approximately 
33,000 cu ft. A double row of lock- 
ers extended the length of the room, 
effectively dividing it in two. It 
was, therefore, necessary to use a 
duct system to distribute glycol 
and water vapor throughout the 
space. 

Since the distribution of glycol 
vapors in a duct system presents 
some new engineering problems, a 
full scale model was constructed 
and tested in the Institute labora- 
tory before field installations were 
made. 


Laboratory Tests 

The duct used in these tests was 
of laminated asbestos construction, 
specially treated on the inside to 
resist absorption of glycol. It con- 
sisted of three 33-ft sections 8% 
in. x 14% in., 84% in. x 8% in., 8% 
in. x 5% in., inside dimensions. The 
transitions from one size to another 
were of truncated pyramid shape, 
about 6 in. long. The far end of 
the duct was closed and the near 
end connected to the fan unit as 
shown in Fig. 6. Three turning 
vanes were placed in the right 
angled elbow to straighten the air 
flow into the duct. 


Instead of the customary louver 
and baffle arrangements, special 
venturi openings were used for dis- 
tributing the air-water-vapor-glycol 
mixture. These openings were plas- 
ter cast fittings having a 2 3/32 in. 
diameter free opening, faired out- 
ward and inward to give a venturi- 
like cross section. The duct was 
equipped with 36 such outlets, 18 
on each side, spaced at approxi- 
mately 5-ft intervals. Starting 
from the elbow, the first outlet was 
placed 10 ft 4 in. from the inside 
turn of the elbow on the right side 
of the duct; the second outlet was 
placed one foot farther on the left 
side of the duct. 


The arrangement of the fan unit 
may be observed in Fig. 6. It con- 
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Fig. 6—Assembled duct 
for glycol distribution 
(temporarily assembled 
for photographic pur- 
poses) 


sisted of three co- 
axially mounted blow- 
er fans directly con- 
nected to a 44 hp mo- 
tor. The six speeds of 
the motor produced 
from 750 to 1700 cfm 
at free delivery of 
the fan. The speeds 
were controlled by a 
selector switch on the 
side of the cabinet. 
The front of the unit 
is provided with a 
louver and damper 
for controlling recir- 
culated air. The back 
is connected to the 
fresh air intake and 
likewise provided 
with dampers. Both 
sets of dampers are operated 
simultaneously by a shaft extend- 
ing through the top left side of 
the cabinet. With these controls 
the fan output can be varied uni- 
formly from 100 per cent outside 
air to 100 per cent recirculated air. 
A heating element was also pro- 
vided in case it became necessary 
to heat some or all of the incoming 
air. In these tests the heating ele- 
ment was not used. Provision was 
also made for inserting air filters 
just above the heater. 

The first test was on fan output 
with adapter and elbow. This cor- 
responds roughly to finding free 
delivery characteristics at the en- 
trance to the duct. A short length 
of duct (8 in.) was attached to the 
elbow and anemometer readings 
taken at various fan speeds. The 
results are given in Table 1. 


Table 1—Fan Output under Free 





Discharge 
AVERAGE AIR OUTPUT 
SPEED No. VELOCITY (FPM) (cFM) 
1 . seed 1998 1640 
2 1369 1160 
3 1118 950 
S. saaina 1000 850 
5 esee 865 735 
S ese sees 830 706 


To obtain the relative air veloci- 
ties through the various outlets, 
anemometer readings were taken 
with the back of the anemometer 
case flush with the opening. A true 
air speed reading is impossible un- 
der such conditions since the outlet 





is smaller than the case, but an ac- 
curate comparison of the relative 
outputs is readily made by this 
method. The results for various 
fan speeds are given in Fig. 7. The 
numbers in the chart refer to the 
outlets in progressive order from 
the fan end. It can be seen that 
fairly uniform air velocities are ob- 
tained. The system was further 
checked by the use of a smoke 
bomb. This showed the air to be 
blown 20 ft horizontally from the 
outlets before an excessive diffusion 
occurred. Since the openings were 
only 5 ft apart, it seems certain a 
uniform air distribution in the 
room was produced. 

Velometer and draft gage read- 
ings were also taken at each outlet 
and for each fan speed. The re- 
sults are in substantial agreement 
with the anemometer readings. The 
air velocities in the duct imme- 
diately after the right angle turn 
computed from velometer readings 
at the outlets were found to be 
1680 fpm for speed No. 1, 1070 fpm 
for speed No. 3, and 840 fpm for 


- 


speed No. 5. 

The glycol-water vapor output of 
the laboratory model vaporizers 
was determined by weighing the 
vaporizers with their contents be- 
fore and after a run of 48 to 72 
hours. The vapors escaped into the 
open air through a %¢ in. pipe size 
tapping in the cover. However, 
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Fig. 7—Anemometer data 








[nc ro on outlets 

| | placed in the window 
ig l ™ ey Rpt x | frame. A water line was 
wt Vo Lal ie ante ae SE connected to the solenoid 

» jw Y NI Pe ae tok ae valve in the vaporizer. 
© eco} 2 NZ PY Yah For adequate comfort 
' | | it was decided to allow 
a | } i on t ! not less than 25 cfm out- 
side air per individual. 
ae | Since it was estimated 
P Mare EM Se? EN a AS A that the uncontrolled 
04 2 Ae oe ae ee normal infiltration of 


OUTLETS NUMBERED FROM SUPPLY 


when the same vaporizers were 
connected to the duct by a 4-ft 
length of well-insulated %¢-in. pipe, 
the glycol output was reduced to 
about one-tenth that obtained when 
discharging directly into the air, 
although the water vapor output 
was not affected. This reduction 
was found to be due to the small 
pipe diameter which resulted in a 
high ratio of wall area to cross sec- 
tional area. Since glycol vapor con- 
densed very rapidly on the walls of 
the small pipe, despite adequate in- 
sulation, a reflux action was pro- 
duced. When the pipe size was in- 
creased to 114 in. there was no ap- 
preciable loss of glycol output. All 
of the work indicated the necessity 
for good insulation and ample pipe 
size. 

Analyses'’ were made of the gly- 
col content of the air coming from 
each opening and at all fan speeds. 
These showed that uniform mixing 
of glycol occurred before reaching 
the first opening and that there was 
no perceptible loss of glycol as the 
air flowed through the duct. 


Field Installation 


For the field test, the test model 
was installed in a test dormitory 
and similar units constructed for 
three other dormitories. The only 
modification made was the replace- 
ment of the first 33-ft length of 
duct with one having an 8% in. x 
11% in. cross section instead of 
84% in.x 14% in., as in the test 
model. The appearance of the in- 
stallation is represented diagram- 
matically in Fig. 8. For clarity, 
the double row of lockers in the 
center of the room and several 
bunks in the left foreground are 
not shown. The duct was hung on 
the center beam and fresh air 
brought in through an adapter 
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air was equivalent to 
two air changes per 
hour, the fan speed was set to de- 
liver between 1000 and 1200 cfm 
of outside air. As far as possible, 
the doors and windows of the test 
rooms were kept closed and alli air 
entering the duct was glycolized. 
Ventilation in the control rooms 
was at the discretion of the oc- 
cupants; it is believed that the 
number of air exchanges were 
greater than in the test quarters. 
Since the volume of the room was 
33,000 cu ft with the equivalent of 
four air changes per hour, it was 
calculated that a glycol delivery of 
0.04 lb per hour would be needed to 
maintain a concentration of ap- 
proximately 0.004 mgm TEG per 
liter of air. To obtain this output 
the operating vaporizer tempera- 
ture was set at 280 F. This setting 
delivered a concomitant water de- 
livery of 2.5 lb of water per hour. 
The dormitories were heated by 
steam radiators with a single out- 
side-inside thermostat controlling 


the flow to four rooms. The build 
ings used were so arranged tha 
each thermostat regulated the tem 
perature of two test and two con 
trol spaces. This presented a diff 
cult problem in the conduct of th 
studies, particularly so as ther 
were no individual cut off valves o: 
the room radiators. Thus the main 
tenance of adequate glycol concen 
trations was frequently interfere: 
with by unauthorized opening « 
windows because of excess ten 
peratures. 

It might be noted at this tim 
that the room temperature in th: 
treated space averaged 2.9 F highe: 
than in the control space and ra: 
between 74 F and 76 F during th 
greater part of the time. 


Results 


Some operating difficulties wer 
encountered, but these were not 
serious. It was necessary to add 
glycol to the vaporizers at three 
to four-week intervals and no othe: 
servicing was required. Condensa- 
tion and resultant dripping of li- 
quid glycol from the first duct sec- 
tion occurred at irregular intervals 
and was most disturbing during 
periods of extremely cold weather 
Tempering of the incoming fresh 
air would have eliminated this 
trouble. However, due to the un- 
satisfactory control of heating sys- 
tem in use this could not be done. 

Anemometer readings on air flow 
and glycol output from various duct 
openings agreed with the laboratory 
observations. Glycol distribution 
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in the rooms was uniform. Glycol 
leterminations were made at 2 a.m., 
}a.m.and8a.m. The average con- 
entrations were found to be 0.002 
to 0.003 mg per liter of air. These 
values would probably have been 
higher if duct condensation had not 
wcurred and closure of all win- 
dows and doors been rigorously en- 
forced. In a modern air condi- 
tioned space with controlled air ex- 
changes, temperature and humidity, 
little difficulty in obtaining a de- 
sired concentration would be ex- 
pected. 

An average relative humidity of 
35 per cent was maintained in the 
test rooms during the test period. 
This value is in the optimum range 
previously mentioned. 

The occupants of the test dormi- 
tories made no complaints regard- 
ing the odor of glycol vapors. Some 
were able to detect its presence in 
the room immediately when enter- 
ing from the outside, but quickly 
became accustomed to it. 

A marked reduction in the num- 
ber of air borne bacteria was ob- 
tained in the test rooms. Results 
for one test period are shown in 
Fig. 9. There are several reasons 
why the spectacular reduction 
shown in Fig. 2 did not occur. As 
has been mentioned, the glycol con- 
centrations were somewhat lower 
than desired. A more important 
reason is that the bacteria normally 
present in air include many re- 
sistant types as spore formers and 
various encapsulated organisms. In 
addition, it is believed many air 
borne bacteria are attached to dust 
particles, in which case steriliza- 
tion may be more difficult. 

Records were kept of the number 
of men from each dormitory con- 
tracting diseases believed to be air 
borne. Studies of the hospital rec- 
ords indicated a noticeable reduc- 
tion of infections in the test dor- 
mitories.{ The results were very 
encouraging and further carefully 
controlled observations with larger 
groups are being planned. 


Conclusions 


1. Bactericidal quantities of glycol 
vapors can be maintained in large oc- 
cupied spaces for long periods of time. 


2. It has been shown that glycol va- 
pors can be uniformly distributed in 
large rooms. 


3. A means for generating glycol 

{A complete analysis of these data and 
the medical aspects of these tests is to be 
published elsewhere. 
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Fig. 9—Bacterial 
count data—Each 
point represents 
an average of 
twelve readings 
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vapors in controlled amounts is de- 
scribed. 


4. The occupants of treated rooms 
experience no discomfort due to glycol 
vapors. 


5. Triethylene glycol is preferred 
over propylene glycol because much 
smaller amounts of the former are 
bactericidal. 


6. Optimum bactericidal concentra- 
tions required with triethylene glycol 
range from 0.003 to 0.005 mg per liter 
of = (0.0013 to 0.0021 grains per 
cu ft). 


7. Relative humidities in the range 
25 to 60 per cent are required for 
optimum bactericidal action. 
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Periodic Heat Flow 
—Homogeneous Walls or Roofs 


By C. O. Mackey“ and L. T. Wright. Jr.,** Ithaca, N. Y. 


This paper is the result of research sponsored by the American Society of 
Heating and Ventilating Engineers in cooperation with Cornell University. 


Tas REPORT summarizes the work 
done during 1943 on unsteady heat 
flow through homogeneous building 
materials. The general method fol- 
lowed is that explained in a pre- 
viously published paper,' but a brief 
summary of the method is included 
in this report. Ranges chosen for 
the variables are those suggested 
by the ASHVE Research Technical! 
Advisory Committee on Cooling 
Load in Summer Air Conditioning. 
More complete results of the study 
have been presented to this Com- 
mittee in the form of preliminary 
reports. 


Variables, Symbols, and Units 


The variables involved in this 
study of periodic heat flow are list- 
ed in Table 1 with their symbols, 
units, and suggested ranges. 


Sol-Air Temperature’ 


In the first paper by Mackey and 
Wright,* a new term was introduced 
which is important in the study of 
weather data and solar heat gain— 
equivalent temperature of outdoor 
air. Since the term equivalent tem- 
perature has been widely used for 
many years in England to give a 
basis for estimating comfort con- 
ditions the authors accepted the 
suggestion of an alternative term 
sol-air temperature and have used 
it throughout this paper. Sol-air 
temperature will be understood to 


*Professor of Heat-Power Engineering 
Cornell University ; Member of ASHVE 

**Assistant Professor of Heat-Power 
Engineering, Cornell University; Junior 
Member of ASHVE. 

‘Summer Comfort Factors as Influenced 
by the Thermal Properties of Building 
Materials, by C. G. Mackey and L. | 
Wright, Jr. (ASHVE Journal Section 
Heating, Piping @ Air Conditioning, De 
cember 1942.) 

This discussion applies only to thoss 
building materials which do not directl) 
transmit solar radiation. 

*Loc, Cit. See Note 1. 

Presented at the Semi-Annual Meet- 
ing of the American Society of Heat- 
ing and Ventilating Engineers, Grand 
Rapids, Mich., June 1944 
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SUMMARY—tThe results of a _ co- 
operative research program obtained 
during 1943 are presented in this 
paper. An exact and an approximate 
method are given for finding the con- 
tribution to the cooling load due to 
heat transfer from the inside surface 
of a homogeneous wall or roof under 
the following conditions: (1) a cyclic 
variation of the temperature of out- 
door air and the total solar radiation 
incident upon the building surface 
with a period of 24 hours; (2) a con- 
stant temperature of the indoor air. 
More complete preliminary data were 
presented to the Research Technical 
Advisory Committee on Cooling Load 
in Summer Air Conditioning. 


mean the temperature of the out- 
door air, which in contact with a 
shaded building surface, would give 
the same rate of heat transfer and 
the same temperature distribution 
through the material as exists with 
the actual dry-bulb temperature of 
the outdoor air and the actual in- 
tensity of solar radiation incident 
upon that surface. For either 
steady or unsteady flow of heat, the 
sol-air temperature for a value of 
the outdoor air film coefficient of 
heat transfer of 4 Btu/hr ft* F is: 
bl 


whe re 
t, — the dry-bulb temperature of 
the outdoor air, Fahrenheit. 
I] = the intensity of solar radia- 
tion incident upon the out- 
door surface, Btu/hr ft.’ 


For example, if the intensity of 
solar radiation incident upon a 
building surface with a solar ab- 


sorptivity of 0.4 is 200 Btu/hr ft 
the effect of the solar radiation u; 
on the rate of heat transfe 
through the material and upon th 
distribution of temperature in tha 
material is precisely as if the ten 
perature of the outdoor air wer 
20 F higher with the surface r: 
ceiving no solar radiation. In thi 
example, the sol-air temperatur 
would be 20 F higher than th 
shaded dry-bulb temperature of th 
air. 
The equation which fits the peri 
odic sol-air temperature as a fun 
tion of time is of the general form: 
OO 

te — tm +3 t. cos (15n 06 —a,)...(2) 
n—] 

wnere2 

tm == the daily average sol-ai: 
temperature, F 

6 = the time, measured in hours 
after noon (at noon, @= WU 
at 1 p.m., 6=1, ete.) 

n=the harmonic coefficient 
(xn = 1 for first harmoni 
or fundamental; = 2 for 
second harmonic, etc.) 

t, = the harmonic temperature 
coefficient, Fahrenheit (t, 
for first harmonic, etc.) 

2, == the harmonic phase angle, 
degrees, (a: for first har 
monic, etc.) 


Temperature of Inside Surface of 
Building 


The exact solution is complete fo: 
finding the temperature of the ir 
side surface of a homogeneow 
building material at any time fo: 
the case where (1) the incident 


Table 1—Variables, Symbols, Units and Suggested Ranges 


QUANTITY 


Inside air film coeff. of heat 


transfer 
O itdoor air film coeff. of heat 
transfer 
Thermal conductivity 
Volumetric specific heat 


Thickness of material 


Absorptivity of outside surface 
for solar radiation none 


Btu/hr 


Btu/hr 
Btu/hr 


Btu/ft* 


RANGE SvuGGESTE 

rs SYMBOL BY COMMITTEE 
fer ho 1.65 (fixed) 
fer hi 4.00 (fixed) 
ft F k 0.00833 to 28 

Fr oc 1 to 60 

L 0.0104 to 3 
0: 0.4: 0.7 


b (selected values) 
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solar radiation and temperature of 
outdoor air are periodic, (2) the 
temperature of the indoor air is 
constant, (3) the outdoor air film 
coefficient of heat transfer is 4.0, 
and (4) the indoor air film co- 
efficient of heat transfer is 1.65 
Btu/hr ft* F. 


For this case, at any time 6, the 
temperature of the inside surface 
of the building material is: 


0.606 (tm—t:) © 





L n=1 
0.856 + — 
k 


where 

t. = the temperature of the in- 
side surface of the building 
material, Fahrenheit 

t; = the constant temperature of 
the indoor air, Fahrenheit 

L =the thickness of the mate- 
rial, ft 

k = the thermal conductivity of 
the material, Btu/hr ft 
Fahrenheit 

\, = the harmonic decrement fac- 
tor (\, for first harmonic, 
etc.) 

#, = the harmonic lag angle, de- 
grees (, for first harmonic, 
etc.) 

The instantaneous rate of heat 
transfer from the indoor surface, 
in Btu/hr, is: 

q@= 1.65 4 (t.—t,) ....... (4) 
where 

A =the area of the inside sur- 
face at temperature t¢., ft.’ 


Equations for the decrement fac- 
tor, A, and for the lag angle, ¢, 
were given in the original paper 
and are repeated in Appendix A. 
Graphs are presented from which 
these values may be read. Values 
of the decrement factor are read 
from Fig. 1, while Fig. 2 gives val- 
ues of the lag angle. For the nth 
harmonic of the actual material, 
use the fundamental (or first har- 
monic) of a fictitious or equivalent 
material; the equivalent material 
designated by the subscript e, must 
then have the same thermal con- 
ductivity and thickness as the ac- 
tual material but a volumetric spe- 
cifre heat which is n times that of 
the actual material; or 


k k 
( — )=— vaikabdeasese (5) 
Lisi. L 


while 
| ee er (6) 
A numerical illustration of the 
exact solution is given in Appendix 


B. 
It is recognized that few engi- 
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+ 3B Ants cos (15n 6 — a, — 0) 


neers will care to use a method as 
complex as the accurate solution. 
An approximate method is next ex- 
plained which is simple enough to 
warrant general use without too 
great sacrifice in the accuracy of 
the final result. 


Approximate Solution 


An approximate solution is pre- 
sented for the temperature of the 


inside surface of the material which 
gives acceptable results and which 
starts with a knowledge of the peri- 
odic sol-air temperature as a func- 
tion of time. 


Let the steady-flow mean daily 
temperature of the inside surface 
of the material be t,, where 


0.606 (tm — t:) 
tu= ti - eee 
L 
0.856 + — 
k 





With two assumptions explained 
in Appendix C, it may be shown 
that Equation 8 gives the tempera- 
ture of the inside surface of the 
material in terms of the sol-air 
temperature at a time which is 
earlier by the fundamental time 
lag, in hours, (@,/15). 


The temperature of the inside 
surface of the material at a time 
$; 
(@ + —) hours after noon is re- 
15 
lated to the sol-air temperature at 
a time @ hours after noon as fol- 
lows: 


(t.) = 2 - 
ga Ltt Mt) ta] 
15 


This equation states that (ap- 
proximately) the sol-air tempera- 
ture at any time affects the tem- 
perature of the inside surface of 

Py; 
the material at a time which is — 

15 
(the fundamental time lag) hours 
later. It implies that the shape 
of the periodic curve of surface 
temperature vs. time is the same 
as the shape of the periodic sol-air 
temperature vs. time curve, but re- 





duced in range and displaced i: 
phase. 

In preliminary reports, the re 
sults obtained for the variatior 
with time of the temperature o 
the inside surface of widely differ 
ent building materials in differen 
thicknesses by both the exact an 
approximate methods have bee: 
compared. The shape of the tem 
perature vs. time curve and th: 
time of maximum heat transfe 
from the inside surface have bee: 
found to be reproduced fairly we! 
by the approximate method. Th 
maximum rate of heat transfe: 
found by the approximate metho: 
has always been found to be on th: 
safe side—-greater than that give: 
by the exact method. The greatest 
percentage error in the heat trans 
fer rate has always been found t 
occur at the times of the smallest 
rates. 

A second approximate method 
which gives more accurate results 
than the method just explained, 
but at the cost of a little mor 
work, is presented in Appendix C. 


Summary of Results 


The assumptions that have been 
made in this study follow: 


(1) The temperature of the outdoor 
air and the total solar radiation inci- 
dent upon the building surface have 
been assumed to be cyclic with a 
period of 24 hours. 


(2) The temperature of the indoor 


air has been assumed to be held con- 
stant during the period of 24 hours. 


(3) The building wall or roof has 


been assumed to be made of a single, 


homogeneous material. 


(4) The rate of heat transfer from 
the outdoor air to the building sur- 
face has been assumed constant and 
equal to 4 Btu/hr ft’F (outside air 


film coefficient of heat transfer; sum 
mer conditions). 


(5) The rate of heat transfer from 
the inside surface of the structure has 


been assumed constant and equal to 
1.65 Btu/hr ft? for each degree of 


temperature difference between sur 
face and indoor air. 


The information which must be 
known in order to find the contribu 
tion to the cooling load due to hea‘ 
transfer from the inside surface o! 
the building material at any tim: 
of day includes: 
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(1) The periodic sol-air tempera- 
ture vs. time curves for the particular 
locality, orientation and solar ab- 
sorptivity of the building surface (de- 
sign curves). 


(2) The thickness, thermal conduc- 
tivity, and volumetric specific heat of 
the wall or roof and the solar absorp- 
tivity and orientation of the building 
surface. 


(3) The constant temperature of 
the indoor air. 


Example of Recommended Procc- 
dure (Approximate Method 
of Solution) 


(1) Assume the sol-air temperature 
vs. time curve for the locality under 


>? 


consideration to be given by Fig. 3. 
(These design curves should be based 
upon weather data.) 


(2) Assume the unshaded wall! un- 
der consideration faces west and is 
made of homogeneous red brick with 
a thickness of 8 in., a thermal conduc- 
tivity of 5 Btu in./hr ft’F, a volu- 
metric specific heat of 20 Btu/ft’F, 
and a solar absorptivity of the ex- 
terior surface of b = 0.7. 

(3) Assume the constant tempera- 
ture of the indoor air to be 80 F. 

It is required to find the maxi- 
mum contribution to the cooling 
load due to heat transfer from the 
inside surface of this wall, the time 
of this maximum, and the contribu- 
tion to the cooling load at a time 
of 3 p.m. (Actually, the method 
permits finding the rate of this 
heat transfer at any specified 
time. ) 

Steps in solution: 

k 
(1) From Fig. 1, for — = 0.625 


and kpe = 8.33, read the fundamental 
decrement factor, \,, to be 0.15. 
k 
(2) From Fig. 2, for — = 0.625 
L 


and kec = 8.33, read the fundamental 
time lag to be 5.5 hour. 


(3) From Fig. 3, the maximum sol- 
air temperature for a wall facing 
west with solar absorptivity of 0.7 is 
133.2 F, and occurs 3.7 hours after 
noon. 


The maximum contribution to the 
cooling load from heat transfer 
through this wall will then occur at 
(3.7 +- 5.5) or 9.2 hours after noon 
(9:12 p.m.). At this time, the tem- 
perature of the inside surface is 
found from Equation 8. The av- 
erage daily sol-air temperature 
(Fig. 3) for the west wall, b — 0.7, 
is ¢,, = 91.6 F. The steady-flow 
mean inside surface temperature 
(corresponding to an outdoor air 
temperature of 91.6 F and an in- 
door air temperature of 80 F) is, 
from Equation 7, 
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bug c= 


0.606 (11.6) 
a — 


——————_- > 82.9 F 
0.856 + 1.6 


Then, from Equation 8, the tem- 
perature of the inside surface of 
the wall at 9:12 p.m. is: 


t. = 82.9 + 0.15 (133.2 — 91.6) 
= 89.1 F 


The corresponding maximum rate 
of heat transfer from the inside 
surface of the wall, from Equa- 
tion 4, is: 


q 
— = 1.65 (89.1 — 80) = 15.0 
A 

Btu/hr ft? 


The next part of the example is 
to find the rate of heat transfer 
at 3 p.m. The sol-air temperature 
which influences this rate of heat 
ficw is that temperature at a time 
5.5 hours (fundamental time lag) 
earlier than 3 p.m. or at 2.5 hours 
before noon (9:30 a.m.). From 
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n 
Fig. 3, the sol-air temperature at F—G Appendix B i 
this time is found to be 87.8 F. 0 = tan ) eke ae (A2) a 
Then, from Equation 8, at 3 p.m., F+G A numerical illustration of the ‘ 
the temperature of the inside sur- exact method of solution follows: t 
face of the wall is: — C Assumed sol-air temperature se- a 
t= a > 0.15 (87.8 — 91.6) F=(m+1)G.+ — + Sal, ries for west wall (b = 0.7): t 
ade al a te = 91.6 + 23 cos (15 @ — 51) , 
The corresponding contribution Su in +h + —-—- Sank : oo. eon 4 oa a, 0 
to the cooling load at 3 p.m. is: ms. + 3.6 cos (60 @ — 217) a 
q C:= cos m cosh m + sin + 1:0 cos (75 @ — 292) f 
— = 1.65 (82.3 — 80) = 3.8 sinh m + 0.93 cos (90 @ — 68) 
A Cees es re I (A3) at 
Btu/hr ft’ sinh ™ 
Cs= sin m: cosh m Assume an unshaded west wal! 
It will be noted that this recom- C.= cos ™ sinh m made of homogeneous red brick 
mended solution uses the approxi- m = — (fixed at 0.4125 for Figs. with a thickness of 8 in., a thermal! Q 
mate method and that the method hi 1 and 2) conductivity of 5 Btu in./hr ft? F, t 
will give the rate of heat transfer <> a volumetric specific heat of 20 
at any specified time of day. = — Btu/ft*® F, and a solar absorptivity 
’ le of the exterior surface of 0.7. For 
Effect of Values of Air Film _ _ / 9.18090 this wall, 
Coefficients sia y/ ee k 
— = 0.625 Btu/hr ft’F, h 
Although Figs. 1 and 2 are ex- «The decrement factors and lag an ’ 
actly correct only when the outdoor — fundamental or first harmonic values.  ®"4 kee = 8.33 Btu’/hr ft'F* t 
air film coefficient of heat transfer For the harmonics of order n, use ee eee 
is 4.0 and the indoor air film co- ™, = Vn *,, Values of the decrement factor : 
efficient of heat transfer is 1.65 and A and of the lag angle 6 are shown 
Btu/hr ft F, values of the decre- ™, = VN m,. in Table 2. 
ment factor and lag angle read 
from these graphs are approxi- 
mately correct for the usual de- Table 2—Values of Decrement Factor and Lag Angle 
partures from these values. This coma oy ras a 
is discussed further in Appendix D. k/L = 0.625 
HARMONIC n a (Kpe)e as Aa a gu 
Appendix A First (fundamental) 2 Rhee Of 0.150 83 , 
Equations for Decrement Factor \ Second — 1 16.7 0.080 131 
and Lag Angle 9. Third 3 25.0 0.048 166 
Detans jactors Te aa ee Ce Seti eee ee 195 t 
Nas Af ——— cee eee (Al) Fifth a 5 re ee 
ie "o™ SES RS. SI 
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For an assumed constant tem- 
perature of the indoor air of t, = 
80 F, the temperature of the inside 
surface of the wall at any time @ is 
found from Equation 3, Equation 
A3, and these tabular values as: 





With these two assumptions, it 
may be shown that the temperature 
of the inside surface of the mate- 

0, 
rial at a time @ + — hours after 
15 


t. = 80 + 2.86 +3.45 cos (15 6 — 134) + 0.729 cos (30 6 — 223) 
+ 0.283 cos (45 @ — 332) + 0.108 cos (60 ¢ — 412) 
+ 0.020 cos (75 ¢@ — 512) + 0.013 cos (90 6 — 310) 


At a time of 8 p.m. (@ = 8), for 
example, the temperature of the 
inside surface of this wall is: 


o=80+ 2.86 + 3.35 + 0.70 
+ 0.25 + 0.04 + 0.00 + 0.01 
= 87.21 F 


At this time, the instantaneous 
rate of heat transfer from the in- 
side, or room surface, of this wall 
is found from Equation 4 to be: 


ic 1.65 (87.21 — 80) = 11.90 
A Btu/hr ft’. 

The approximate method of solu- 
tion yields a result for the maxi- 
mum rate of heat transfer from the 
inside surface of this wall which is 
about 25 per cent higher than the 
actual maximum rate, a maximum 
temperature of the inside surface 
of the wall about 1.9 F higher than 
the actual maximum temperature, 
and a time of this maximum about 
one hour later than the time of the 
actual maximum. The same curve 
for sol-air temperature (Fig. 3) is 
assumed for both cases. 


Appendix C 


The actual temperature of the in- 
side surface of the material at a 
time # hours after noon is: 


noon is related to the sol-air tem- 
perature at a time @ hours after 
noon as follows: 


(te) aa m= tu t+ [(te)g — ta) 


The reasonableness of the two 
assumptions made in the approxi- 
mate solution may be examined. 
The first assumption is that each 
harmonic lag angle is the funda- 
mental lag angle multiplied by the 
order of the harmonic. In the ex- 
ample given in explanation of the 
exact solution, the fundamental lag 
angle was 83 deg, the second har- 
monic lag angle 131 deg, the third 
harmonic 166 deg, etc.; this as- 
sumption would be true if the sec- 
ond harmonic lag angle were 166 
deg, the third harmonic 249 deg, 
etc. For materials of low volu- 
metric specific heat, this assump- 
tion is closely met. 

The second assumption states, in 
effect, that all decrement factors, 
regardless of the order of the har- 
monic, are equal for a given mate- 
rial. This is far from true, except 
for materials having a low volu- 


© 
(to), — tu + > Anta cos (15n é— a, —®,) eceoeeeeeeeoeeseeeseseesee (C1) 


The fundamental time lag, in 
hours, is the fundamental lag angle 
divided by 15; the temperature of 
the inside surface of the material, 

@, 
at a time #¢ +- — hours after noon 
15 


is: 


metric specific heat. Any error 
introduced by this assumption is 
reduced by the fact that the suc- 
cessive harmonic temperature co- 
efficients in the equation for sol-air 
temperature (the ¢,’s in Equation 
2) decrease quite rapidly in the 
usual case. This means that the 


ee) 
(to) e+ ~— ty + S A. tn cos [15n (6 + 9.) — an — O,] 


n=1 
oO 


15 


= tw + 3 Au te cos [15n 6 — a, — (9, —n9,)]........ (C2) 


n=1 
The first assumption made is 
that: 
eer er er Tr (C3) 
The second assumption made is 
that: 


(1—A,.) =(1—A,) ...... (C4) 
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values of the successive terms in 
the series solution for the tempera- 
ture of the inside surface of the 
building material drop off rapidly; 
this fact is illustrated in the one 
example given previously. Alse, 


for walls with a high volumetric 
specific heat, the fundamental de- 
crement factor (A,) is quite small, 
the second harmonic decrement fac- 
tor (A,) is still smaller, etc.; in this 
case, (1 — A,) is a good approxi- 
mation of (1 —A,). 


Another approximate method is 
next presented which gives more 
accurate values but requires slight- 
ly more work. The following equa- 
tion gives the temperature of the 
inside surface of the material: 


t. 0, 
( yg B= tu th [(t), — ta) 
15 


It will be noted that the only 
difference between Equation C6 and 
Equation C5 is the decrement fac- 
tor, A, used. In Equation C5, the 
fundamental (or first harmonic) 
decrement factor is used, while in 
Equation C6, the arithmetic mean 
of the fundamental and second har- 
monic decrement factor is used. 


When this latter method is fol- 
lowed, the fundamental decrement 
factor is read from Fig. 1 when the 
values of k/L and kpe are known 
for the actual material and thick- 
ness; the second harmonic decre- 
ment factor is then read from the 
same figure for the same value of 
k/L, but the equivalent value of 
kpc which is twice the value of kpc 
for the actual material (see Equa- 
tions 5 and 6). For the 8-in. brick 
wall, these decrement factors are 
A, = 0.15 and A, = 0.08. By using 
A. = 0.115, a more accurate esti- 
mate of the rate of heat transfer 
from the inside surface may be ob- 
tained. . For the same data as used 
in the recommended procedure, the 
approximate maximum temperature 
of the inside surface of the brick 
wall facing west is, (from Equa- 
tion C6), 


te 


il 


82.9 + 0.115 (133.2 — 91.6) 
87.7 F 


The corresponding maximum rate 
of heat transfer from the inside 
surface of this wall is: 


q 
— = 1.65 (87.7 — 80) = 12.7 
A Btu/hr ft’ 
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This result is closer to the exact 
series solution of Appendix B which 
gave 11.9 Btu/hr ft* for this rate 
than the simpler approximate meth- 
od which gave a result of 15.0 
Btu/hr ft?. 


Appendix D 


The effect of using values of the 
outdoor and indoor film coefficients 
of heat transfer other than the as- 
sumed values of 4 and 1.65 Btu/hr 
ft? F, respectively, may be demon- 
strated by examples. Calculated 
values of the fundamental decre- 
ment factor, the fundamental lag 
angle, and the fundamental time lag 
are shown in Table 3 for the 8-in. 
brick wall of the previous examples 
(k = 0.417 Btu/hr ft F; pe — 20 
Btu/ft® F). 

With the outdoor air film coeffi- 
cient of heat transfer held constant, 
a decrease in the value of the indoor 
air film coefficient slightly increases 
the time lag and appreciably in- 
creases the fundamental decrement 
factor. The effect is to increase 
the daily range in temperature of 
the inside surface; the maximum 
temperature of that surface is 
raised, and the minimum tempera- 
ture is lowered. With the indoor 
air film coefficient of heat transfer 
held constant, a decrease in the 
value of the outdoor air film coeffi- 
cient slightly increases the time lag 
but decreases the fundamental dec- 
rement factor. The effect is to de- 
crease the daily range in tempera- 
ture of the inside surface; the 
maximum temperature of that sur- 
face is lowered and the minimum 
temperature raised. At the same 
time, any departure of the outdoor 

air film coefficient from the assumed 
value of four changes the sol-air 
temperature at any time when sun 
is shining on the building surface; 
a decrease in this coefficient will 
raise the sol-air temperature. 


Table 4—Effect of Film Coefficient Changes U 
Transfer From Inside 





m Maximum Rate of Heat 
urface 





OUTDOOR AIR 
FILM COEFF. OF 
HEAT TRANSFER 


INDOOR AIR 
FILM COEFF. OF 
HEAT TRANSFER 





or HEaT TRANSFER 
FROM INSIDE SURFACE, 





MAXIMUM RATE 
TIME OF 
MAXIMUM RATE 





ht ho 
ee tee o VERT aE 
ae a a a’ 
een 4.0 pe 1.50 
0 9 1.50 
: 2 0 eal 0 
The complete effect of these 


changes in film coefficients upon the 
maximum rate of heat transfer 
from the inside surface of the &- 
inch brick wall facing west is 
shown in Table 4. 


The indoor air film coefficient of 
heat transfer is a combined coeffi- 
cient of convective and radiant heat 
transfer. For large vertical sur- 
faces, the film coefficient of heat 
transfer by natural convection is 
0.27 (At)®**; for a temperature 
difference of 10 F, this coefficient 
is 0.48 Btu/hr ft? F. For warm 
horizontal surfaces facing down, 
this film coefficient is 0.2 (/t)®* 
or 0.16 Btu/hr ft? F for a tempera- 
ture difference of 10 F. The radi- 
ant heat exchange at the interior 
surface is complicated; for an in- 
terior surface with an emissivity of 
unity which exchanges heat with 
other black surfaces at air tempera- 
ture, the rate of radiant heat loss 
from the warm surface is, closely, 
1.1 Btu/hr ft* for each degree of 
temperature difference from sur- 
face to air. If all the other interior 
surfaces of an enclosure are at the 
same temperature as the inside 
surface of an exterior wall or roof, 
or if the inside surface of this ex- 
terior wall or roof is covered with 
a material having an emissivity of 
zero, there can be no radiant heat 
loss from that surface. With com- 


Table 3—Calculated Values of Fundamental Decrement Factor, Lag Angle, and 
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mon nonreflecting inside surfaces, 
the combined film coefficient of heat 
transfer for vertical walls in still 
air is probably between 1.5 and 1.6 
Btu/hr ft® F, provided that the 
temperature of all other surfaces 
in the enclosure is the same as the 
temperature of the air; for hori- 
zontal roofs under similar condi- 
tions, this combined film coefficient 
is slightly lower. In this report, 
Figs. 1 and 2 are based upon values 
of the outdoor and indoor air film 
coefficients of heat transfer of 4.0 
and 1.65 Btu/hr ft® F, respectively. 
As far as the indoor film coefficient 
of heat transfer is concerned, it is 
believed that these decrement fac- 
tors and lag angles are sufficiently 
exact for non-reflecting inside sur- 
faces seeing other interior surfaces 
at air temperature. In support of 
this contention, note that with the 
8-in. brick wall of the example, a 
change in the value of hk, from 1.65 
to 1.50 lowers the maximum rate of 
heat transfer at the inside surface 
from 15.0 to 14.5 Btu/hr ft. On 
the other hand, these figures would 
not give correct results for exterior 
walls or roofs lined with a highly 
reflecting substance or for a case 
where the other interior surfaces 
of the enclosure were at the same 
temperature as the surface in ques- 
tion. Note that a highly reflective 
lining applied to the inside surface 
of the brick wall would lower the 
maximum rate of heat transfer 
from 15.0 to 7.9 Btu/hr ft.? 


The value of the outdoor air film 
coefficient of heat transfer has a 
multiple effect in the problem. It 
affects the sol-air temperature and 
the values of the decrement factor 
Equation 1 for sol- 
air temperature is admittedly im- 
perfect in some respects. During 
the day, the wind velocity changes 
and the value of the outdoor dir 


* FUNDAMENTAL FUNDAMENTAL FUNDAMENTAL 
FruM CorEerFr. OF FILM COEFF. OF DECREMENT LAG ANGLE, TIME LaG, 
HEAT TRANSFER HEAT TRANSFER FACTOR DEGREES HR 
meet “3 a aa 7 os: +! ae 
eae Vets, aE <  egers a aes 
4.0 aed 0.234 — 97 ors.” and lag angle. 
4.0 1.50 «0.188 geass 5.6 
“3.0 1.50 0.146 87 “ir. 
me Tse 0.126 a ebuteeiatiesy 2h, 
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fim coefficient of heat transfer also 
changes. Instead of a constant 
value of A, of 4 Btu/hr ft? F, a 
yalue that depended upon the in- 
stantaneous wind velocity should be 
used for perfection. During clear 
nights, there is a considerable loss 
of heat from the exterior wall by 
radiation to the cold sky; this ef- 
fect, which would tend to lower the 
daily mean sol-air temperature, is 
not considered, but its neglect is on 
the safe side. Values of the out- 
door air film coefficient of heat 
transfer are commonly based upon 
the cooperative research' between 
the University of Minnesota and 
the ASHVE. Although these tests 
did not duplicate outdoor air con- 
ditions, exactly, they showed that 
the film coefficient increased with 
air movement, mean temperature 
and surface roughness. For a brick 
surface at a mean temperature of 
80 F, for example, values of the 
film coefficient were found to be 
about 2 for a parallel air velocity 
of 0 mph, 4 for an air velocity of 
5 mph, and 6 for an air velocity 
of 10 mph. The last table shows 
that a decrease in h, from 4 to 2 
Btu/hr ft? F, through the com- 
bined effects on sol-air temperature 
and decrement factor will raise the 
maximum rate of heat transfer 
from the inside surface of the 8-in. 
brick wall from 14.5 to 20.6 Btu/hr 
ft® for h,—1.5, when the result 
is Obtained by the approximate 
method of solution; also, the time 
lag is increased by about 0.5 hour. 
It should be noted, however, that 
the value of 15 Btu/hr ft? for the 
maximum rate of heat transfer as 
found from the approximate meth- 
od, is roughly, 25 per cent higher 
than the value of 11.9 found by the 
exact but complex series method in 
Appendix B for the same wall. This 
exact series method applied with 
sol-air temperature and decrement 
factor corrected to h, 2 would 
give about the same result as the 
approximate method with h, =— 4. 

The authors believe that the sim- 
plest procedure is to use a constant 
value of hk, of 4 in the equation 
for sol-air temperature, regardless 
of the wind velocity. Then, by us- 
ing the approximate method to find 
the maximum rate of heat transfer 


‘Surface Conductances as Affected by 
r Velocity, Temperature and Character 
Surface, by F. B. Rowley. A. B. Algren, 
id J. L. Blackshaw. (ASHVE Transac- 
ons. Vol. 36, 1930, p. 429.) 


based upon Figs. 1 and 2 for h, = 4 
and h, = 1.65, the results will be 
very close for the lowest possible 
outdoor air movement; for a wind 
velocity of 10 mph, the estimated 
rate of heat transfer is always on 
the safe side. Further, the ap- 
proximate method always gives a 
slightly greater time lag than the 
exact method, and the effect of de- 
creased outdoor air movement is in 
the same direction. 


Discussion 


F. E. Giesecke, College Station, Tex. 
(Written): The authors have earned 
the gratitude of the engineering pro- 
fession by their splendid work, re- 
flected by this paper and by the paper 
presented at the January 1943 meet- 
ing.” Their work will, no doubt, be 
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Fig. A—Graphical analysis of heat 
flow through brick wall 


continued so as to make the results 
of their studies of greater value to the 
practicing engineer. 

The following brief discussion and 
the experimental data submitted here- 
with may be of some assistance in fu- 
ture studies. 

If the flow of heat through the 8-in. 
brick wall, described in the paper, is 
studied by means of the approximate 
graphical method, described in the 
ASHVE Transactions, Vol. 45, 1939, 
pp. 441-458, the results will be as 
shown in Fig. A. To empley graphical 
analysis, it is necessary to know or to 
assume the thermal gradient in the 


‘Summer Comfort Factors as Influenced 
by Thermal Properties of Building Mate- 
rials, by C. O. Mackey and L. T. Wright, 
Jr. (ASHVE Journal Section, Heating, 
Piping & Air Conditioning, December 
1942.) 
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Fig. B—Variation in surface tem- 
peratures of 8-in. wall 


wall at the beginning of the study. In 
this case, it was assumed that the in- 
terior surface of the wall had cool- 
ed slightly below 80 F during the 
night and that by 9:30 a. m. the in- 
door air temperature had risen to 80 
F, so that, at the beginning of the 
study, there was still a slight flow of 
heat into the 8-in. wall from the in- 
door air. It was also assumed that 
the outdoor sol-air temperature was 
87.8 F at 9:30 a. m. and that the form 
of the thermal gradient at 9:30 a. m. 
was similar to the forms of the ther- 
mal gradients shown in Fig. 13 of the 
Transactions article’, which thermal 
gradients had been determined by 
actual measurements. 

To study the flow of heat, the 8-in. 
wall was divided into five slabs, each 
1.6 in. thick. The corresponding time 
increment was calculated to be 51.3 
min for the physical qualities of the 
brick wall specified in the paper. Hav- 
ing determined the time increment 
and knowing the varying sol-air tem 
perature (Fig. 3) the successive sol- 
air temperatures were found and the 
17 successive thermal gradients drawn 
in the usual manner. The first thermal 
gradient shown in Fig. A is for 9:30 
a. m. and the last one for 11:07 p. m. 

It appears from the diagram that 
the interior wall surface temperature 
had risen from about 79.6 F to about 
80.5 F or about 0.9 F during the time 
interval from 9:30 a. m. to 3:25 p. m. 
This would correspond to a rate of 
heat flow into the room of about 1.48 
Btu per hour if the first thermal gra- 
dient had been assumed on the basis 
of an interior wall surface tempera- 
ture of 80 F at 9:30 a. m. instead of 
79.6 F. 


It also is apparent from the dia- 


*Loc. cit See Note 5, 1 $55 





Fig. C—Building where heat flow 
studies were made 
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TIME OF DAY 
Fig. D—Surface temperature charts for S. E. and N. W. walls 


gram that the maximum rate of heat 
flow into the room occurred at about 
11:30 p. m. and that it is at the rate 
of about 1.65 (84.5-80.0) or 7.44 Btu 
per hour; however, the increase in heat 
flow from 9:12 p. m. to 11:30 p. m. is 
very slight, according to the graphical 
analysis. These values are somewhat 
lower than those calculated by the 
authors; the differences are, no doubt, 
the results of differences in the meth- 
ods of analysis. 


It also appears from this diagram 
that the exterior wall surface tem- 
peratures of the author’s 8-in. wall are 
as shown in Fig. B (x-2) for the sol- 
air temperatures shown in Fig. 3 and 
for the rates of heat flow shown in 
Fig. A. 

To secure a few experimental data, 
readings were taken on June 14, 1944 
on three of the 8-in. red brick walls 
of the second story of the building 
whose east corner is shown in Fig. 
C. This building fronts S, 38 deg 
30 min E. As there were clouds in the 
sky during part of the time the tem- 
peratures recorded are somewhat low- 
er than would be obtained under com- 
plete sunshine conditions. 

The varying exterior wall surface 
temperature of the northeast wall of 
this building is shown in Fig. B (x-4); 
the varying exterior and interior wall 
surface temperatures of the northwest 
wall are also shown in Fig. B (x-5). 
The varying exterior and interior wall 
surface temperatures of the southeast 
wall are shown in Fig. B (x-6). The 
varying indoor air temperature of the 
space between the northwest and 
southeast walls is shown in Fig. B 
(x-7). This space receives its heat 
primarily through the roof. The tem- 
perature of the southwest wall was 
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not taken because the wall is in the 
shade of another building. 

An opportunity to obtain tempera- 
tures on a clear warm day was af- 
forded on August 4, 1944. The re- 
sults are shown in Fig. D for the 
S.E. and N.W. walls. Since the ther- 
mometer used to determine the out- 
side wall temperature was calibrated 
only to 120 F it was necessary to esti- 
mate the outside wall surface temper- 
ature by observation of the vibrations 
of the needle above 120 F. The esti- 
mated values are shown by means of 
a dotted line. 

The surface temperatures shown in 
Fig. B and Fig. D were taken by 
means of a dermalor and graduated 
for studies relating to panel heating. 
The diagrams of Figs. A, B and D 
were prepared by R. G. Cox, a senior 
student in mechanical engineering. 
The hours shown in these figures are 
local sun time. 

It may be of interest to note here 
that during a recent study of a build- 
ing having exterior walls of limestone, 
painted black on a base course 4 ft 
high and painted white on the upper 
portion, the surface temperatures at 
4:00 p. m. were 120 F on the surface 
painted black, and 106 F on the sur- 
face painted white. The temperature 
of the air one inch in front of the wall 
was 94 F. 


C. M. Ashley, Syracuse, N. Y.: The 
method which was presented by the 
authors is the result of several years 
of trying other different methods. We 
have tried hydraulic methods and 
electrical methods of analysis, and 
we have also attempted to measure 
heat transfer in actual walls. 


All those methods, to some extent, 





have defects. The present meth: | 
may seem to be a very highly math. - 
matical and abstract approach to t} « 
problem and yet it has the advanta; 
that it is more general in characte . 
and permits the use of any type « 
wall construction to far better adva 
tage, and, we believe, with mu 
greater accuracy than any of ti 
methods which have preceded it. 


We have here a tool which, wi 
proper use, will permit us to do son 
very practical things. Where, 15 yea 
ago, we took the steady flow heat 
transfer as a basis of our summ:: 
load calculations and then applied a 
factor of safety in order to arrive 
the values of load, we can now analy» 
and take advantage of it by knowing 
in detail what the nature of our pro 
lem is. We can insulate to better ai- 
vantage. We can adjust the capacity 
of the system to fit the averag: 
rather than the peak load. 


One other thing, the values of th 
volumetric specific heat, and, to som: 
extent also, of the absorptivity of 
material, are at present very poorly 
known and it is the hope of the Com- 
mittee on Research that experimental] 
work can be carried on to obtain mor 
exact values for these. With these 
data available, we shall have a body 
of material from which accurate wa!! 
transmission data can be obtained. 


G. L. Tuve, Cleveland, Ohio.: I am 
glad Mr. Ashley brought up the point 
that there are a great many methods 
for analyzing periodic heat flow. Ce: 
tainly the authors are to be compli 
mented on their success with the 
method they have used. Perhaps, some 
of you saw the item in the June issue 
of Electronics, reporting that students 
at M.I.T. had analyzed this problem 
with electronic devices, and com- 
pressed the 24-hour heat-flow cycle 
into 1/60 of a second, reading the re- 
sults with an oscillograph. Our So- 
ciety has also previously sponsored 
cooperative research on electrical 
methods and other methods of heat- 
flow analysis. 

I want to point out just one thing, 
that whatever method of analysis is 
used, there are a number of selections 
or assumptions to be made before the 
analysis is started. One must select 
the volumetric specific heat of the ma- 
terial, the conductivity, the inside sur- 
face coefficient, and the outside su: 
face coefficient, to say nothing of th 
weather curve in terms of the sol-ai: 
temperature. 

Our Research Committee is awar 
of the complication involved in this 
whole problem. There are five pro)- 
ects dealing with periodic heat flow in 
this list of 28 projects to which Cyril 
Tasker, Director of Research, has 
called your attention. I think the So- 
ciety can do something toward show- 
ing what are the correct selections 0! 
assumptions, so that the final results 
of any analysis of heat flow in walls 
will be more accurate than is othe: 
wise possible. 
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Authors’ Closure: The authors wish 
to thank those who prepared an oral 
er written discussion. Regarding the 
remarks made by Professor Tuve, it 
is true that there are a lot of vari- 
ables in this problem. We have only 
standardized two, the outdoor film co- 
efficient of heat transfer and the in- 
side film coefficient of heat transfer. 
We have tried to effect a combination 
of some by the introduction of sol- 
air temperature, so that the effects 
of outdoor temperature and incident 
solar radiation can be properly com- 
bined. 

In regard to volumetric specific 
heat and thermal conductivity, which 
are the only two thermal properties 
of the material influencing the un- 
steady heat flow, it is also true that 
there may be a short cut there. 

The apparent density of the mate- 
rial governs, to a considerable degree, 
its thermal conductivity, k, as you all 
know, and it also governs, to a con- 
siderable degree, its volumetric spe- 
cific heat (pc). The specific heat of 
most of the common materials on a 
weight basis—that is expressed in 
Btu per pound degree Fahrenheit— 
does not vary widely, regardless of 
whether the material may be mineral, 
vegetable, or animal in origin. In other 
words, the specific heat of a cellulose 
product is about 0.32 Btu per pound 
per degree Fahrenheit; for rock and 
rock fibre 0.2; for glass and glass 
fibre 0.18. So, on a pound basis, it does 
not matter much what the origin of 
the material may be. Specific heat 
varies between very narrow limits. 
Therefore, the product of thermal con- 
ductivity and volumetric specific heat 
depends primarily upon the apparent 
density in pounds per cubic foot, and 
a curve of the product of k and pc 
plotted vs. apparent density would 
come very close to giving that prod- 
uct for materials both known at the 
present time and unknown or unused 
at the present time. 


H. L. BILSBOROUGH 
HEADS STOKER SALES 


The A. O. Smith Corporation, 
Milwaukee, Wis., announces the ap- 
pointment of H. L. Bilsborough, 
widely known in the stoker indus- 
try, as Manager of Stoker Sales. 


One of the pioneers in the stoker 
field, Mr. Bilsborough entered this 
business in 1928 in the Chicago 
market. His first connection was 
with the Iron Fireman Manufac- 
turing Co., where he advanced to 
district representative, covering 
the territory of Illinois, Indiana, 
and Ohio. In January of 1934 he 
became associated with Fairbanks, 
Morse & Co. as sales manager of 
their newly formed stoker division. 
He was promoted to manager of 
the division in July of 1938 and 
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held that position until resigning 
in February of this year. 

Mr. Bilsborough has always been 
active in the affairs sponsored by 
the Stoker Manufacturers Associa- 
tion, having served as a member 
of the executive board. He also has 
been a member of the Stoker In- 
dustry Advisory Committee to the 
WPB since the beginning of the 
war. 


KNOW YOUR REPAIR MAN 


In the bulletin of the St. Louis 
Better Business Bureau among the 
items listed as current rackets the 
following warning to investigate 
first is given on furnace fakers: 
“A bad situation exists in the fur- 
nace field. The unscrupulous repair 
man who offers to clean your fur- 
nace and put it in shape, often 
takes it apart, and then discovers 
broken parts. (He may actually 
break them himself.) He regret- 
fully declares a new furnace would 
be cheaper than the large repair 
bill which is necessary. If you do 
not buy his product, he may walk 
out, leaving the parts strewn over 
the floor.” 

Heating engineers can do a pub- 
lic service by warning house own- 
ers to be on their guard against 
itinerant repair men and high pres- 
sure salesmen. 


NEW HEADQUARTERS FOR ASA 


The American Standards Asso- 
ciation is now located in the Grand 
Central Office Bldg., 70 East 45th 
St., New York 17, which provides 
larger quarters than were avail- 
able in the Engineering Societies 
Building, 29 West 39th St. 

In the new location there is di- 
rect access to Grand Central Sta- 
tion and to local transportation 
facilities. 


CINCINNATI MEMBER ON 
SMOKE ABATEMENT BOARD 


Willard C. Pistler, consulting en- 
gineer, Cincinnati, a member of 
ASHVE since 1934, has just been 
appointed a member of the Smoke 
Abatement Advisory and Appeals 
Board of the City of Cincinnati for 
a three-year term. Announcement 
of the appointment was made by 
City Manager W. R. Kellogg and 
the other members of the Board 
are: L. A. Davidson, Raymond City 





Coal & Transportation Corp., North 
Bend, who will fill a one-year term; 
Dr. Glover T. Keen, two-year term; 
and E. 8S. Saurbrunn of the Bab- 
cock & Wilcox Co., four-year term. 


DUBRY HONORED 
BY ASSOCIATES 


Ernest E. Dubry of Detroit, As- 
sistant Superintendent of Central 
Heating for the Detroit Edison 
Co., was recently tendered a testi- 
monial luncheon by his associates 
to commemorate 30 years of serv- 
ice with the Detroit Edison Co. 
After serving as combustion engi- 
neer at the Conners Creek Power 
Plant, he joined the Navy, and after 
his discharge returned to the serv- 
ice of the Edison Co. 


ROBERT B. DICKSON 
ELECTED DIRECTOR 


Announcement has been made 
that Robert B. Dickson, president 
of Kewanee Boiler Corp., Kewanee, 
lll., has been elected a director, a 
member of the Executive Commit- 
tee, and a member of the Finance 
Committee of American Radiator 
and Standard Sanitary Corp., 
Pittsburgh, Pa. 

Donald D. Couch has been elect- 
ed vice-president and general man- 
ager of sales to succeed the late 
Martin J. Beirn. 


ARTHUR L. HALLER 
DIES IN ACCIDENT 


Arthur L. Haller, president of 
the Haller Sales Co., Inc., St. Louis, 
met a tragic death on July 24 in a 
motorboat accident. Mr. Haller was 
born in St. Louis on July 19, 1894, 
and after graduation from the pub- 
lic schools he entered the employ 
of N. O. Nelson Manufacturing Co., 
and for three years was a designer 
of heating apparatus. He then en- 
tered the contracting field in esti- 
mating and design work for the 
Bradley Heating Co. and then for 
12 years was with the Hunt Heat- 
ing Co. He organized the Haller 
Appliance Sales Co. to specialize in 
gas heating applications and rep- 
resented a number of nationally 
known firms in the St. Louis terri- 
tory. 

Mr. Haller joined the Society in 
1920 and was a valued member of 
the St. Louis Chapter. 

The Officers and Council have 
sent his family who survive their 
sincerest sympathy. 
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R. M. Conner, Cleveland, Ohio, 
director of the American Gas As- 
sociation Testing Laboratories, 
was born on July 23, 1891 at War- 
rensburg, Mo. He was graduated 
from Oregon State College in 1915 
with the degree of B.S., and later 
he was awarded a professional de- 
gree in mechanical engineering 
by the same college. 





R. M. Conner 
Cleveland, Ohio 


Following his graduation he 
spent ten years with the Portland 
Gas and Coke Co., Portland, Ore., 
with the exception of a period 
during World War I, when he 
served as artillery officer over- 
seas. He served in the transpor- 
tation, distribution and utilization 
departments of the company, and 
was manager of the company’s me- 
ter and repair shop for a time. 
He later became supervisor of the 
company’s testing laboratory. 

Mr. Conner represented the Pa- 
cific Coast Gas Association as its 
research engineer as a member of 
the technical sub-committee on 
the investigation of gas poisoning 
and asphyxiation resulting from 
the use of gas heating appliances 
in Los Angeles and the vicinity. 
In 1924 he was awarded the Gold 
Medal of the Pacific Coast Gas 
Association for significant service 
as chairman of the commitiee 
which drafted the important Gas 
Appliance Testing Code. 

Mr. Conner has been active as 
a member of the Baltimore Gas 
Reference Committee and assisted 
in drawing up the Baltimore Gas 
Appliance Ordinance which has 
served as a model for similar 
ordinances in other cities for 
many years. 
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Mr. Conner joined the Society 
in 1931 and for the first four years 
served as chairman of the TAC 
on Correlating Thermal Research. 
Since joining the Society he has 
served on numerous. research 
committees; among these are the 
TAC on Oil and Gas Burning De- 
vices, Radiation—Direct and In- 
direct, Gas Heating Equipment, 
and Fuels. 

He is also an active member of 
the ASME, ASTM, and is a mem- 
ber of Phi Kappa Phi, Tau Beta 
Phi, and Sigma Xi. 


John A. Goff, Philadelphia, Pa., 
was born October 19, 1899 at 
Colorado City, Colo., and educated 





J. A. Goff 
Philadelphia, Pa. 


in Colorado schools. He received 
his B.S., M.S. and Ph.D. from the 
University of Illinois, Urbana, IIL, 
in 1921, 1924 and 1927 respective- 
ly. While at the University he 
served as assistant instructor and 
associate professor in mechanical 
engineering. 

He served as geophysicist for the 
Sun Oil Co., Dallas, Tex.,-and as 
engineer for the Linde Air Prod- 
ucts Co., New York and Buffalo, 
and in 1929 joined the staff of 
Westinghouse Research Labora- 
tory, East Pittsburgh, Pa., as re- 
search engineer and consultant on 
thermodynamics. Returning to the 
University of Illinois in 1930 he 
became associate professor of ther- 
modynamics and professor from 
1935 to 1938. 


In 1938 he became Dean of the 
Towne Scientific School and Direc- 
tor of Mechanical Engineering at 


the University of Pennsylvania 
which positions he now holds. 


Dean Goff joined the Society in | 


1938 and served as a member ot! 


three years and as a member of 
the present Research Executive 
Committee. He also served on th« 
TAC on Psychrometry for fow 
years and two additional years a 
chairman. He has served over fiv: 


i 
its Committee on Research for 7 


years on the TAC on Instruments, | 
and is a member of the current | 


TAC on Sorbents. 
He is the author of Notes o; 


Thermodynamics, and of Chapter 


1—Thermodynamics of Air and 
Water Mixtures in the Society's 
Guide, 1941. Dean Goff, who is list- 


ed in Who’s Who in Engineering, ¥ 
numerous articles § 


has published 
and papers in the field of thermo- 


dynamics in the Society’s Trans- ff 
actions, as well as in Industrial & J 
Engineering Chemistry, American B 
ASME 
Transactions, Refrigerating Engi- = 


Journal of Mathematics, 
neering, The Technograph, Journal! 
of Applied Mechanics, and Heat- 
ing, Piping & Air Conditioning. 

He holds membership in the 
ASME and in the American Mathe- 
matical Society. 


F. W. Hutchinson, Berkeley, 
Calif., was born on April 7, 1910, 
at Suijun City, Calif. He attended 
the J.S.U. High School at Crockett, 
Calif., and received his B.S. from 
California Institute of Technolog) 





F. W. Hutchinson 
Berkeley, Calif. 


in 1931. He was graduated from 
the University of California in 
1937 with a degree of M.S., and in 
1938 was awarded his M.E. degree 
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from the University. While at the 
University he did graduate work 
in air conditioning. 

He spent five years as construc- 
tion inspector for the C. & H. S. R. 
Co. at Crockett, and three years as 
mechanical engineer in designing 
automatic control equipment. He 
has also spent some time as in- 


sstructor in refrigerating and air 
Sconditioning at the University of 


California. 
He joined the Society in 1937 as 
an Associate Member and became 


@a Member in 1942. He has served 
Sas a member of the Research TAC 
gon Radiation and Comfort for a 


a i s. 
ent | number of year 


Professor Hutchinson, who is 
now associate professor of me- 
chanical engineering at the Uni- 
versity of California, is the author 
or co-author of over 35 papers, 
articles and reference book contri- 
butions, including publications in 
journals of the American Society 
of Refrigerating Engineers, Brit- 
ish Heating and Ventilating In- 
stitute, Institute of Aeronautical 
Sciences, American Institute of 
Electrical Engineers, National Dis- 
trict Heating Association, Heating, 
Piping and Air Conditioning Con- 
tractors Naticnal Association, Pa- 
cific Coast Gas Association, as well 
as many papers published in the 
Society’s Journal and Transactions. 

Professor Hutchinson is also a 
member of the ASRE, JAS, the 
Tau Beta Pi Engineering Society, 
the Sigma Xi, and the National 
Research Society, and is listed in 
Who's Who in Engineering. 


Robert K. Thulman, Washing- 
ton, D. C., was born in Arlington, 
N. J., on December 31, 1898. After 
attending schools in New York he 
entered Massachusetts Institute of 
Technology, receiving his B.S. 
from there in 1922. 





R. K. Thulman 
Washington, D. C. 
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His first assignment was with 
the Socony Burner Corp., New 
York, as service manager, and af- 
ter a year he became research en- 
gineer for the company. In 1927 
he became sales engineer for the 
International Boiler Works Co., 
East Stroudsburg, Pa., and served 
as engineer of the company from 
1931 to 1935, at which time he 
joined the staff of the Resettlement 
Administration, Washington, D. C., 
as heating engineer. He specialized 
in the design of heating systems 
for suburban projects at Green- 
brook, and was consultant on heat- 
ing for Greenbelt and Greendale. 
His work as engineer also covered 
design of residence and _ school 
heating systems for rural projects, 
as well as for large scale rental 
projects at Buckingham, Arling- 
ton, Virginia. 

In 1937 he became mechanical 
engineer for the Federal Housing 
Administration, which position he 
now holds. 


He joined the Society in 1937, 
and has served as a member of the 
TAC on Heating Requirements of 
Buildings from 1940 to 1944, and 
as a member of the Joint Commit- 
tee on Standards for Residence 
Heating in 1941 and 1942. 


Mr. Thulman was co-author with 
L. E. Seeley on the paper Heating 
Low-Cost Homes, which was pub- 
lished in the ASHVE Transactions, 
Vol. 45, 1939, as well as several 
articles appearing in various tech- 
nical magazines. 


William E. Zieber, York, Pa., 
director of research of the York 
Corp., was born on July 12, 1888, 
at Reading, Pa., where he received 
his early education, graduating 
from the Reading High School in 


1906. He took an LC.S. course in 
mechanical engineering. 

After several years’ experience 
in shops in and around Reading, 
he joined the staff of York Manu- 
facturing Co. as erecting superin- 
tendent, which covered superin- 
tending erection of refrigeration 
and ice manufacturing plants, re- 





W. E. Zieber 
York, Pa. 


building of machinery and building 
of a 60-ton ice plant and super- 
vising the operation of the plant. 
After five years he became chief 
engineer of the Virginia Fruit 
Cons. Co., Roanoke, Va., and in 
1919 became chief engineer for the 
Peoples Ice Co., Warren, Ohio. 

In 1921 Mr. Zieber returned to 
York, Pa., and became research 
engineer for the York Manufac- 
turing Co. and served as director 
of research laboratory from 1921- 
28, when he was appointed me- 
chanical engineer for the company. 
In 1935 he became assistant chief 
engineer and in 1940 he rose to his 
present position as director of re- 
search. 

Mr. Zieber joined the Society in 
1935 and has served on many of 
its committees, as a member of the 
TAC on Cooling Load in Summer 
Air Conditioning in 1942, and as 
its chairman for the past two 
years. He is among those listed in 
Who's Who in Engineering. 














51st ANNUAL MEETING AT BOSTON 


The invitation of the Massachusetts Chapter to have the 
Society’s 51st Annual Meeting in Boston was accepted by the 
Council of the Society, it is announced by Pres. S. H. Downs. 

The meeting will be held during the fourth week in January 
at Hotel Statler, Boston, and the Committee on Arrangements 
appointed by D. M. Archer, president of the Massachusetts 
Chapter, is now working on the program. January 22, 23 and 
24 will be devoted to business and technical sessions and com- 
plete details will be found in later issues of the Journal. 
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SUMMARY OF LOCAL CHAPTER MEETINGS 


OTHER FEATURES 





Installation of Officers 
|Treasurer’s Report by 
J. J. Friedler, Jr. 


by retiring Pres. S. L. 
Gregg 


|Installation of Officers 


MFETING 
CHAPTER | DATE SUBJECT SPEAKERS 
Delta July 19 Progress of Chap-/| L. V. Cressy, Pres. 
ter During Past 
Year | 
Washing- May 10 |Postwar Use of J. E. Haines, Vice- | New officers introduced 
ton, D. C. Electroni¢s in| Pres., Minneapo- | 
Air Condition- lis - Honeywell 
ing | Regulator C o., 
| Minneapo- 
| lis, Minn. 
Western /Election of 
Michigan May 23 | Officers 








*The attendance ratios shown represent the meeting attendance divided by the Chapter membership. These will be useful as 
partial indication of interest shown by local chapter members in various types of subjects programmed by other local chapters an 


may be helpful in deciding on subjects for other chapter meetings. 





| arranged by John 
| Dykman and O. D. 
Marshall 


| ATTENDANCE 


| 
| 


ATTENDANCE 
RaTIo* 
18 0.47 
45 0.42 
9 0.88 ' 











Candidates for Membership 





The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants 
for membership in the Society. All applications for membership are to be sent to the Secretary and the names of appli- 
cants and their references shall be printed in the next issue of the Journal of the Society or sent to the members in other 
approved manner as ordered by the Council. When replies are received from references, the Candidate’s application 
shall be submitted to and acted upon by the Committee on Admission and Advancement as soon as possible. 

When the Committee on Admission and Advancement has acted favorably upon a Candidate’s application and 
assigned his grade, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. 
During the past month 58 applications for membership have been received and the names of these men and their sponsors 


are published in the following list. 


Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, and in turn, 
the Council, urge members to assume their share of responsibility of receiving these candidates into membership by advis- 


ing the Secretary promptly of any whose eligibility for membership is in any way questioned. 


All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which 


it is the duty of every member to promote. 


Unless objection is made by some member by September 15, 1944, these candidates will be balloted upon by the 


Council. Those elected to membership will be notified by the Secretary immediately after election. 
REFERENCES 


CANDIDATES 


ANGELL, LAWRENCE D., Htg. & Vtg. Co-ordinator, 
Co., Inec., Brooklyn, N. Y. 


ANGELO, HERBERT G., Htg. Enegr., Stearns-lRoger Mfg. Co., Denver, Colo. 


Sperry Gyroscope 


BELINE, MarRTIN B., Engr., Washington Kefrigeration Co., Washing- 
ton, D. C. 

BLEIER, FRANK P., Research 
Co., Chicago, Il. 


Berry, Norton E., Director of Research, Servel Inc., "Evansville, Ind 


& Devel. Engr., Ilg Electric Ventilating 


Brown. WARD A., Asso. Engr., George Wagschal Associates, Detroit, 
Mich. 


Bryce, JoHN H., Supervising Engr., Kaighin & Hughes, Toledo, Ohio 


Burrows, Austin J., Post Engr., Postmaster, New York, N. Y. 


CAMPION, CHARLES R., Partner, Wrightson & Campion, New York, N. Y 


CARTER, HENRY G., Mfrs. Agent, Tampa, Fla 


Crigv!, ALBERT E., Mech. Engr., Buffalo Forge Co., Buffalo, N. Y. 


DarBy, THomMAS E., General Service Mgr., The Ohio Fuel Gas Co., 
Columbus, Ohio. 

DAVIDSON, JAMES W., Pres., Davidson Heating, Val Morin, Que., 
Canada. 


Davis, WAYNE M., Field Engr., Conco Engineering Works, Muncie, Ind. 


ENGLEHART, OscarR D., Research Engr., Pittsburgh Plate Glass Co., 
Creighton, Pa. 

EVANS, DELMER C., Chief Engr., 1. Magnin & Co., Los Angeles, Calif 

Forr, WILLIAM R., Enegr., Curtiss-Wright Corp., Airplane Div., Robert- 
son, Mo. 

ForsytH, Stuart L., Advisory Engr., Westinghouse Electric & Manu- 
facturing Co., East Pittsburgh, Pa. 


GELERT, CaRL R., Owner, C. R. Gelert Co., Los Angeles, Calif. 


GLANZER, CLARENCE J., Chief Ener., Air-Maze Corp., Northfield, Ohio. 





*Non-Member. 
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Proposers 
A. F. Hinrichsen 
W. E. Heibel 
BB. J. McEahern 
F. L. Adams 
P. H. Erisman, Jr. 
R. F. Lauer 
A. G. Sutcliffe 
J. M,. Frank 
W. F. Friend 
A. E. Vroome 
F. L. Pearson 
G. H. Giguere 
*Ss. D. Bryce 
E. W. Gray 
W. B. Leland 
W. W. Murphy 
W. F. Wrightson 
Cc. S. Pabst 
J. C. Trefts, Jr. 
t. A. Thomas 
c. Cc. Cheyney 
W. R. Heath 
W. M. Myler, Jr 
J. D. Slemmons 
t. A. Standing 
F. A. Hamlet 
W. C. Bevington 
G. B. Supple 
Ss. F. Cox 
R. A. Miller 
J. L. Blake 
J. F. Park 
A. L. Haller 
D. J. Fagin 
G. W. Penney 
E. H. R. Pegg 
W. S. Kilpatrick 
Leo Hungerford 
W. B. Watterson 
Jules Gratiot 


Seconders 
R. H. Wasson 
F. D. Lawrence 
J. J. Johnson 
G. D. Maves 
H. Peacock 
H. W. Meinholtz 
B. L. Casey 
*U. R. Furst 
M. F. Blankin 
A. E. Kriebel 
R. S. M. Wilde 
E. F. Hyde 
L. E. Slawson 
William Goodman 
*Otto Epstein 
*C. Eddy 
W. E. Heibel 
E. E. Adams 
oO. J. Prentice 
F. J. Beckwith 
R. D. Madison 
kR. Farnham 
A. W. Williams 
H. R. Allonier 
A. F. Lamontagne 
Leo Garneau 
Cc. H. Hagedon 
G. O. Jackson 
*Leighton Orr 
*L. T. Black 
A. J. Hess 
N. N. Leas 
B. L. Evans 
R. H. Kremer 
Frank Thornton, Jr 
G. H. Woodard 
H. M. Hendrickson 
Maron Kennedy 
Cc. A. McKeeman 
D. L. Taze 
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iM msUCH, WINFIELD J., Asso, Naval Archt., Norfolk Navy Yard, Ports G. EK. Williams W. C. Stubbs 
4 mouth, Va. E. B. Cary Cc. M. Sterne 
wa GOTTSCHALK,. KENNETH A., Indus. Sales Engr., Cleveland Electrix Cyril Tasker L. E. Slawso 
CE Illuminating Co., Cleveland, Ohio S R. Guilbert . & ieee 
Gross, Victor L., Sales Engr., Taylor Forge & Pipe Works, New E. W. Verity L. E. Cox | 
York, N. Y. W. W. Murray, Jr S. A. Chambers 
HENENFELD, HENRYK, Air Cond. Engr., A.S.E.A. Electric Ltd. Bom *A. J. Dangoia *A F. Vitale 
bay, India. *G. Berg *J. H. Compton 
HoUSEHOLDER, H. L., Mgr. & Owner, Householder Heating Corp., Buf- G. E. Adema F. Hockensmith 
. falo, N. Y. A. W. Wriedon D. W. Norris, Sr 
 Janrrz, Ropert H., Co-Partner, Fred G. & Robert H. Janitz, Indian- G. M. Williams H. V. Alexander 
} apolis, Ind. T. Hardin W. Cc. Bevingtor 
Kemp, W. Hamivton, U. S. Navy, Washington, D. C R. H. Feltwel 4. B. DeVors 
FA M. F. Hoppe 1. H. Hanletr 
KitTLeson, Howarp B., Supt. of Maint., Kraft Cheese Co., Alban) H. C. Oberg J. A. Craig 
inn. W. McNamara F. C. Winterer 
LASLEY, JAMEs B., Asst. Foreman, Plant Engineer's Dept., Nort! Karl Selden, Jr R. E. Mason 
Carolina Shipbuilding Co., Wilmington, N. C. ¢. Z. Adams FE. P. Klaces 
LOCKHART, Harotp A., Chief Engr., Bell & Gossett, Morton Grove. E. J. Gossett R. E. Moors | 
Il. (Advancement) Cc. E. Pullun H. B. Johns 
™ Mac Ferrin, Jonn B., Htg. & Vtg. Engr., Pittsburgh Water Heater F. C. Brandt D. M. Mills 
t Sales Co., Houston, Texas. A. B. Banowsky B. P. Fisher 
' McFappen, H. J., Sales Engr., Servel Inc., Dallas, Texas J. P. Ashcraft J. A. Ray 
: Cc. C. Young *Seward Abbott : 
MONTESANO, FRANK P., Mer., The Frank A. McBride Co., Paterson, J. Wheeler, Jr D. J. Purinton 
.. J. (Advancement) H. B. Matzen W. L. Fleisher 
Muss, M. H., Mer., Southern Welding Co., Johnson City, Tenn Elmer Torok °*A N. Sellers 
ai *A. Roesel *L. E. Dequin : 
nd ™ OLsoN, Nat 1, Owner, United Blower Co., Inc., New York, N. Y V. J. Cucci Ira Willner 
; lb. G. Milligar J. J. Ferretti ' 
PrmRRUNG, RicHarp W., Supvr., The Huffman-Wolfe Co., Columbus, H. Allonier rR. B. Brenemar 
Ohio. J. D. Slemmons F. N. Schaad 
POoLLocK, CLANCY W., Research Ener., Drayer & Hanson, Inc., Los W. F. Walker L. Hungerford 
Angeles, Calif J. B. Griffith \. Theobald ' 
Rees, Harotp R., Owner, Rees Plumbing & Heating Co., Jonesboro \ E. Thorpe r. J. O’Brien 
Ark. J. J. Nolan W. A. Danielsor : 
RoMPEL, WaLTsr A., Refrig. Mech., Post Engineers, Randolph Field F. E. Giesecke *P. O'Hara 
x Texas. A. J. Rummel *J. M. Fran 
Rurr, ALonzo W., Vice-Pres., York-Shipley, Inc., York, Pa J. J. Mirabile W. E. Zieber 
its E. R. Walsh, Jr S. F. Nicoll 
li- SANGER, ERNeEsT, Mfrs.’ Agent, Watts Regulator Co., Detroit, Mich R. L. Deppmann L. A. Burch 
or W. H. Old RR. K. Milward 
ScHaaD, FRED N., Dist. Repr.. Warren Webster & Co., Columbus, Ohio J. D. Slemmons Cc. F. Lorimer 
on H. R. Allonier D. H. Wyatt 
Scumipt, Carl W., Dist. Indus. Mgr., B. F. Sturtevant Co., Cam- G. P. Dickson J. E. Matthews 
nd den, N. 4. Cc. Bartlett J. A. Nicols 
>t. Scott, RicHarp P., Comm'l Sales Megr., Bard, Inc., Columbus, Ohio J. D. Slemmons Db. H. Wyatt 
rs R. B. Brenemar Il B. Spencer 
Simmons, Noaun M., Htg. & Piping Contractor, Indianapolis, Ind W. C. Bevingtor Ss. E. Fenstermaker 
G. B. Supple ¢. H. Hagedon 
n, SkipmoreE, JOHN G., Constr. Engr., Almirall & Co., Inc., New York, W. A. Grant W. A. Borneman 
Is- N. Y. (Advancement) E. H. Dafter Joe Wheeler. Jr 
Spurtock, B. H., Jr., Asst. Prof. of Mech. Engrg., University of *N. A. Parker °C. L. Eckel 
oh Colorado, Boulder. Colo. *W. F. Mallor E. A. Froese 
THACKER, JOHN E., Htg. & Vtg. Engr., Vauxhall Motors Ltd., Luton, J. W. Cooling Edgar Herring 
* Bedfordshire, England Walter Harding H. A. Stirzaker 
. = TUTTLE, Howarp W., Design Engr., Harrop Ceramic Service, Colum- J. D. Slemmons Db. H. Wyatt 
; bus, Ohio. kh. B. Breneman H. R. Allonier 
™ Walker, T. R., Columbus, Ohio W. M. Myler, Jr H. R. Allonier 
J. D. Slemmons A. W. Williams 
Warp, BENJAv'N G., Mech. Engr., U. S. Engineers, District Office, G. D. Maves D. J. McQuaid 
Denver, Colo. F. LL. Adams J. H. McCabe 
Watkins, J. Z., Cumm’'l. Gas Sales Mer., Rulane Gas Co., Charlotte, Karl Selden, J: E. R. Harding 
= <& F. E. P. Klages W. H. Sullivan 
WituiaMs, James K., Supt. of Constr., Robert S. Leiby Sheet Meta! J. D. Slemmons R. B. Brenemar 
Co., Columbus, Ohio. Howard Allonier Cc. F. Lorimer 
WiILLiaMs, KENNETH O., Asst. Megr., N. O. Nelson Co., St. Louis, Il B. C. Simons George Myers 
J. S&S. Malone J. J. Blackmore 
= inpsor, WiLLiaM G., Elec. Engr., South African Railways, Airways W. H. Carrier V. 8S. Day 
* & Harbors Administration, Johannesburg, South Africa. W. A. Grant R. V. D. Dunne 
Wore, ALLEN H., Vice-Pres., The Huffman-Wolfe Co., Columbus, Ohio H. Rk. Allonier R. B. Breneman 
J. D. Slemmons F. N. Schaad 
Wore, CLARENCE E., Sr., Chief Supt., Reynolds Corp., Chicago, Il! A. P. Brown M. J. Bamond 
P. J. Marschall! oO. W. Armspach 
YOUNGBLOop, CLere W., Owner, Youngblood Plumbing & Heating Sup- Cc. E. Owen W. L. Dulle 
ply Co., Paducah, Ky. W. J. MaGir! W. K. Johnston 
C fe! 'e| I E ] t d 
In the past issues of the Journal of the Society the names of the following men were listed as Candidates for Mem- 
bership. The membership grade of each Candidate has been assigned by the Committee on Admission and Advancement 
and balloted upon by the Council. We are now instructed by the Council to post herewith, as required by Art. B-III, Sec. 
8, of the By-Laws, the following list of candidates elected: 
MEMBERS BUSENLENER, Louris V., Mer... Air Cond. Div., Higgins Industries, 
Inc., New Orleans, La. (Advancement) 
BARTHELMESS, RICHARD, Mech. Engr.. War Department, U. S&S. Carter, CHESTER A., Asso. Combus. Engr., Hq. 7th Service Con 
Engineers, Jacksonville, Fla. mand, R & U Branch, Omaha, Nebr. 
BeacH, ALBERT F., Jr., Engr., U. S. Engineer Office, New York, CAVANAGH, PaTRICK A.. Mer.. The Herman Nelson Corp., Phila- 
N. Y. delphia, Pa. 
Fe CHESAREK, JOSEPH H., Chief, Refrig. & Vent. Sect., Office of Serv- 
YER, C. L., Consult. Engr., Dillon, Mont. ice Command Engineer, Hq. $th Service Command, Ft. Doug 
BROWNE, LELAND W., Exec. Vice-Pres., The Darby Corp., Kansas las, Utah. 
City, Mo. CLaRK, Lynn W., Sales Engr., Hall-Neal Furnace Co., Indian- 
Burner, L. Brron, Chief Engrg. Draftsman, Norfolk Navy Yard, apolis, Ind. (Advancement) 
outh, Va. Dvse, Joun E., Vice-Pres., Alco Valve Co. St. Louis, Mo 
" |) Heating, Piping & Air Conditioning, September 1944—-ASHVE Journal Section 559 














wee ar we 





MPA ea Fa, 


ee ee 








a a a a ee 


ESKIN, Bapeeee. G G., Dir. of Research & Devel., Grayson Heat Con- 
trol Los Angeles, Calif. (Reinstatement and Advance- 


ment) 

Ezz-EL-Din, KAMAL, Carrier-Egypt, S.A.E., Cairo, Egypt. (Ad- 
vancement) 

a, SS E., Mech. Engr., Post Engineer's Office, Ft. Doug- 
as, 


FerscHer, JOHN J., Engr., Engine a Dept., George G. Sharp, 
Naval Architect, ew York, N. 

Fox, Ernest C., Mer., Htg. & Sica Dept., Hager & Cove Lbr. 
Co., Lansing, Mich. 

Froese, Ernarp A., Branch Mer., York Corp., Denver, Colo. 

GORDON, PETER B., Treas., Wolff & Munier, Inc., New York, N. Y. 
(Advancement) 

GOULDBOURNE, THOMAS H., Sales Director, The Standard & Pochin 
Bros. Ltd., Leicester, England. 

auye Eart V., Mech. Engr., Field Section Engineer Office, 

. S. Engineers, Salt Lake City, Utah. 

nied ELMo, Owner, Empire Gas & Equipment Co., Denver, Colo. 

HERMAN, Harry H., Owner, Harry H. Herman, Denver, Colo. 

HotrorpD, DoveLas B., Branch Mer., Johnson Service Co., Salt 
Lake City, Utah. 

HoLMEs, OLIVER A., JR., Mech. Engr., Hughes Heating Co. and 
Pritchard Bros., Memphis, Tenn. 

JESPERSEN, SOREN J., Mech. Engr., Hq. 9th Service Command, Ft. 
Douglas, Utah. 

somes James J., Htg. & Vtg. Engr., American Radiator & 

tandard sia Corp. Denver, Colo. 

—_,—, ROLLA Field & Sales Engr., Russell R. Gannon Co., 
Cincinnati, 

KLINE, CLAYTON o Vice-Pres., Nicholson Inc., Durham, N. 

— JOHN K., Mer., Air Cond. Div., 'Servel Inc., . 
Vv 

KUGELER, H. _ ay Application Engr., The Stearns Roger Manu- 
facturing Co., Denver, Colo. 

LA Sees M., Mer., Htg. Dept., Crane O'Fallon Co., Den- 
ver, Colo 

Laws, CHARLES W., Plant Supvr. of He Post , Mnginece Office, 
ae Fe City ty Army Air Base, Rapid City, S. 

TER, W. i Abbott Lanter Fs ‘Co., Inc., New 
York, N. =a 

LocKE, C.F. A., Branch Megr., Minneapolis-Honeywell Regulator 
Co., Indianapolis, Ind. 

MATHIS, ALEXANDER, Mech. Engr., Reynolds, Smith & Hills, Jack- 
sonville, Fila. 

MerTcaLF, RALPH H., Zone Supvr., Minneapolis-Honeywell Regu- 
lator Co., Cleveland, Ohio. (Advancement) 

MOoNIEs, ELLis A , Htg. Engr., Eastern Pennsylvania Supply Co., 
Dallas, Pa. 

Murpock, CHARLEs E., Plant Engr., The Stokermatic Co., Salt 
Lake City, Utah. 

1 MiIcHAEL P., Air Cond. Sales Engr., Serve! Inc., Houston, 
exas. 


ce-Pres., 


NORMAN, Epwarp A., Jr., Design Engr., Surface Combustion, 
Columbus, Ohio. 

PETERSON, JOHN E., Tech. Adviser, Minneapolis- Honeywell Regu- 
lator Co., Chi cago, I 

POTTER, CHRISTOPHER D., “Supt. & Engr., The Smith-Gibbs Co., 
Providence, R. I. 

Ferm, Aaee P., Chief Engr., Logan Clay Products Co., Logan, 
RorTMaN, Georce B., Enegr., W. H. Sullivan Co., Inc., 
boro, N. C. 

ies” ~~ CHARLEs H., Sales & Service Supvr., 

Salt Lake City, Utah. 

STILWELL, RopNngey F., Fuel Engr., Red Jacket Coal Sales Co., 
Columbus, Ohio. 

SULLIVAN, WILLIAM = Jn., Vice-Pres., W. H. Sullivan Co., Inc., 
Greensboro, N. 

TasH, THOMAS, The inaiier Lane Hotel, Cincinnati, Ohio. ( Rein- 
statement) 

THEISS, ErRNEstT S., Instructor in Mech. Engrg., Duke University, 
Durham, N C. (Advancement) 

TRAUTMAN, FrED L., Owner, Trautman Engineering Co., Denver, 


Greens- 


Stokermatic Co., 


VANDERHOOF, AusTIN L., Dist. Repr., Warren “Webster & Co., 
Cleveland, Ohio. (Advancement) 
Wales. JouHN W., Pres. & Treas., John W. Walsh, Inc., Worcester, 


ass. 
WALTERS, THomMAsS A., Director of Research, American Blower 
Corp., Detroit, Mich. 
Warp, Cyrrit B., Supt., Gas Htg. Dept., Public Service Company 
of Colorado, Denver, Colo. 
wane, — A., Pres., Abbott Lester & Co., Inc., New York, 


WATERMAN, DovGias R., Sales Engr., Hendrie & Bolthoff Manu- 
facturing Si Supplv "Co., Denver, lo. 

WHYTE, c J.. Tech. Advisor, Norris Warming Co., Ltd., 
London, England. 

WITHERIDGE. WILLIAM N., Chief Engr., Bureau of Industrial Hy- 
giene, Detroit Department of Health, Detroit. Mich. 

WoEHLKE. HERMAN J., Estimator & Asst. Mer., Bell Plumbing & 
Heating Co., Denver, Colo. 

Yeacer, Georce F., Ist Lt. T. C., U. S. Army, c/o Postmaster, 
New York, N. Y. (Reinstatement) 


ASSOCIATES 


ae tome L., Owner, C. H. Alexander & Son Co., Grand 
ap 
ANDERSON, Rowse C., Owner, Edwin C. Anderson Co., Denver, 


‘olo. 
ANDERSON, Ropert B., Owner & Mer., Robert B. Anderson, Den- 


ver, Colo. 
—« Jep L., ade Ashton Heating & Air Conditioning, Salt 


ta 

BAKKOo, Reusew, U. S. Navy, % Postmaster, San Francisco, Calif. 

BALcH, Ropert M., Jr., Sales Megr., Apartment Controls haa 
Minneapolis-Honeywell Regulator Co., Minneapolis; Min: 

ras wr C., Branch Mer., National Radiator Co., Washing- 
on. 


, vA G 
— WitiiaM H., Partner, Keystone Sales Co., Pittsburgh, 


Beit, Jonun A,, Royal Canadian Air Force, No. 2 Training Cv». 
mand, Winnipeg, Man., Canada. 


ae ~g JoHN, Treas., City Plumbing & Heating Co., Bouk « 
0. 


Bracc, Ropert E., Mfr's. Repr., Indianapolis, Ind. 

Bren, Leo W., Asst. Mger., Grudem Brothers Co., St. Paul, M 
Brown, Epwarp A., Mfrs.’ Repr., Omaha, Nebr. 

ment |” aire Owner, Norman Brown Co., San Franci; 


BUCKINGHAM, Rosert B., Partner, Associated Southern Industr 
Memphis, Tenn. 

CALCATERRA, Louis A., ed Stoker & Htg. Div., Bennett F 
Co., Grand Rapids, 

CoperE, JEAN-Moise, Director, Codere Ltd., 
Canada. 

Cook, CLirrorp B., Partner, F. G. Cook & Sons, Kenmore, N. \ 

Cook, VERNON D., Partner, F. G. Cook & Sons, Kenmore, N. } 

CooKE, WILLIAM L., Mgng. Director, W. L. Cooke Ltd., Aucklani 
S. E., New Zealand. 

CRABBIN, WILLIAM W., Ch. Quarterman, Sheet Metal Worker, U >» 
Coast Guard, Navy Yard, Curtis Bay, Md. 

DaAHMS, ALFRED A., Dist. Mer. & Field Engr., Kansas City Dis: 
Allis Chalmers Manufacturing Co., Kansas City, Mo. 

DEUTH, GERALD Asst. Engr., Engineering Experiment Stato: 
Ohio State niversity, Columbus, Ohio. 

East, Roy H., Combustion Engr., Hq. $th Service Command, &. : 
Engr., Fort Douglas, Utah. 

Farr, Ricuarp 8., Chief Engr., 
Calif. 

Ferretti, Jutivus J., Mger., U. S. Air Conditioning Corp., Ne 


York, = A 
von, © BENJAMIN S., Jr., Field Engr., B. F. Sturtevant Co., Dallas 
xas. 


Sherbrooke, Que 


Farr Company, Los Ange'es 


GoODBOLD, BERNARD P., Prin. Optg. Engr., Smithsonian Institut, 
Washin ton, D. é 


—— WILLIAM z. Owner, Harrison & Co., Salt Lake Cit) 


Heyse, Harrow S., Asst. Mgr., Heyse Sheet Metal Works, Colo 
rado Springs, Colo. 
IRVINE, LELAND K., Mer., Intermountain Insulation Co., Salt Lak: 
City, Utah. 
Jar, atenete C., Pres., Andy J. Egan Co., Inc., Grand Rapids 
c 
JENSEN, ALBERT O., Owner, Albert O. Jensen Wholesale Furnac: 
& Supply Co., ‘Omaha, Nebr. 
me SF LARRY a Htg. & Air Cond. Engr., Houston Natural Gas 
Corp., Houston, Texas. 
Lerpy, Ropert S., Pres., Robert S. Leiby Sheet Metal Co., Colum. 
bus, Ohio. ( Reinstatement) 
Lawes, ceca H., Owner, Lewis Engineering Service, Detroit 
ich. 
a JAMES R., Supvse. Mech. Engr., Familian Pipe & Sup- 
South Gate, Calif. 
Lys, Jose es Owner, Lym Engineering Co., Salt Lake Cit) 
Tta 
MacGREGoR, DUNCAN K., Metallurgical Furnace Designer, Railway) 
& Power Engineering Corp., Ltd., Toronto, Ont., Canada. 
MALM, Epwin L., Bell & Gossett Co., Evanston, Il. 
McGrew, Joseru A., Sales Engr., American Radiator & Standar 
Sanitary Corp., Denver, Colo. 
Meyer, E. WALTER, Partner, Keystone Sales Co., Pittsburgh, Pa 
MICHAEL, Ropert K., Property Inspector, The Prudential Insur 
ance Company of America, Denver, Colo. 
a JoHN F., Secy.-Treas., Fox Supply Co., Inc., Denver 


Nussmaui ft, Orro J., Chief Engr., Kramer Trenton Co., Trentor 


PAYNE, RAYMOND L., Owner, Air Flow Heating Co., Denver, Col 

PERRY, Lester L., Comm’l. Sales & Service Mer., Frigidaire Div 
General Motors Corp., Denver, Colo. 

POLLARD, CHARLEs H., Mer., Cc. H. Pollard Plumbing & Heating 
Co., "Monte Vista, "Colo. 

QUIN, “_ C., Branch Mer., The Powers Regulator Co., Hous- 
ton, Texas, 

RICE, Percy L, Maintenance Ener., War Dept., Fitzsimons Gen- 
eral Hospital, Denver, Colo. 

er ae W., Ener., Gilson Manufacturing Co., Ltd., Guelph 

ana 
Savorg, J. L. R., Codere Ltd., Sherbrooke, Que., Canad 
mens ty KARL ) 8 Asst. Ener., Wertz Engineering Co... “Reading 


SMITH, ALEXANDER S., Repr., Jenkins Brothers, Denver, Colo. 

Situ, Epwarp D., Mer., Machinery Div., The Lang Co 
Salt Lake agg "Utah. 

Situ, JouHn A., Mfrs.’ Agent, Denver, Colo. 

SMITH, KARL H, ory Repr.. American Radiator & Standar' 
Sanitary Corp., Denver, Colo. 

Speer, JULIAN, = Julian Speer Co., Columbus, Ohio. 

SpeENceER, InvIN B. Owner, Irvin B. Spencer Co., Columbus, Ohio 

UNDERWOOD, Grorce T., Chief Purchasing Agent, Federal Publi 
Housing Authority, | Washington, D. C. 

Vyrr, Pavut C., Research Engr., Battelle Memorial Institute, Co- 
lumbus, Ohio. 

WHEALTON, Dante. J., Chief Draftsman & Supvr., Atlantic Basi: 
Iron Works, Brook lyn, | ee 4 

Writ, CLarRENcE A., Mfrs.’ Repr., Noblesville, Ind. 


JUNIORS 
Gray, Emerson G., Food Engr., Featherweight Foods, Inc., Fort 
Kent, Maine. 
as -G .  -ee J., Vice-Pres., William A. Flatt Co., Den- 
ver, Colo. 
oes a Barney, Cpl., U. S. Army, % Postmaster, New York. 


Von Orto, Ropert E., Naval Archt., U. S. Maritime Commission 
Seattne and ‘and Ventilating Branch, Washington, D. C. 


STUDENT 


oremm. a. M., Student, Case School of Applied Science, Clev’- 
an 
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H. Downs, Chairman C.-E. A. WINSLOW, Vice-Chairman 


Three Years: C. M. Asuuey, L. T. Avery, L. E. SEELEY, G. D. 
VINANS. 


Two Years: J. F. Coiuins, Jr., James Hout, E. N. MCDONNELL, 
N. | . BH, URDARL. 


‘One Year: W. A. DaNnreL_son, L. G. MILLER, A. E. Stacey, Jr., 
B. M. Woops, M. F. BLANKIN, & Lh. Tuvs, E2-Officio. r 2 


Council Committees 


EPxecutive—A. J. Offner, Chairman; E. N. McDonnell, 
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Nominating Committee 


CHAPTER REPRESENTATIVE ALTEKNATE 
Atlanta T. T. Tucker I. B. Kagey 
Cincinnati G. V. Sutfin H. A. Pillen 
Connecticut H. E. Adams Stanley Hart 
Delta J. 8. Burke Cc. B. Gamble 
Golden Gate R. A. Folsom Cc. E. Bentley 
Illinois E. M. Mittendorff A. O. May 
Indiana G. B. Supple J. G. Hayes 
Iowa Cc. W. Helstrom W. W. Stuart 
Kansas City D. M. Allen W. A. Russell 
Manitoba L. Chester William Glass 
Massachusetts G, Carrier R. T. Kern 
Michigan S. Sanford W. H. Old 
Minnesota Cc. Jordan F. B. Rowley 
Montreal H. Worthington A. my Madden 
Nebraska E. McCulley B. Peterson 
New York A. Wasson Cc. rf Koehler 
North Carolina rvin Page P. L. Guest, Jr. 
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| Dis Stacey, North Texas A. Linskie E. T. Gessell 
tat inance—B. M. Woods, Chairman; L. E. Seeley, T. H. Urdahl, Northern Ohio S. Ries John James 
L. P. Saunders, Ex-Oficio. Oklahoma T. P. Ellingson 
re 4 embership—M. F. Blankin, Chairman; J. F. Collins, Jr.. G. D. Ontario J. Jenkinson W. C. Kelly 
Winans. Oregon Cc. Willey 
ngeles eetings—C.-E. A. Winslow, Chairman; L. T. Avery, L. G. Miller. Pacific Northwest _ N. Musgrave J. D. Sparks 
a tandards—L. P. Saunders, Chairman; C. M. Ashley, James Holt. Philadelphia B. Hedges Edwin Elliot 
_— Pittsburgh F. Rockwell E. H. Riesmeyer, Jr 
Yallas Advisory Council St. Louis G. B. Rodenheiser Cc. F. Boester 
titur fe F. Blankin, Chairman; Homer Addams, D. S. Boyden, W. H. South Texas J. A. Walsh A. B. Banowsky 
3 rrier, S. E. Dibble, W. H. Driscoll, E. O. Eastwood, W. L. Southern California Leo Hungerford W. O. Stewart 
Cit) BjFieisher, H. P. Gant, F. E. Giesecke, E. Holt Gurney, L. A. Washington, D. C. F. A. Leser W. H. Littleford 
Col ding, H. M. Hart, C. V. Haynes, E. Vernon Hill, John Howatt, Western Michigan C. H. Pesterfield J. W. Miller 
aa y. T. Jones, D. D. Kimball, G. L. Larson, S. R. Lewis, Thornton Western New York S. M. Quackenbush S. W. Strouse 
Lak: BjLewis, J. F. McIntire, F. B. Rowley and A. C. Willard. Wisconsin A. S. Krenz M. W. Bishop 
apids 
nace Officers of Local Chapters 
1 Gas Atlanta: Organized, 1937. Head wareere, Atlanta, Ga. Meets, North Texas: Organized, 1938. Headquarters, Dallas, Tex. 
First Monday. President t, M. - out, 412 Houston St., N. E. Meets, Third Monday. President, L. C. McClanahan, 603 Great 
»lum. Bg Secretary, L. L. Barnes, 3995 N. Stratford Rd. —— Life Bldg. Secretary, E. J. Stern, 701 Burt Bidg., 
ae Cincinnati: Organized, 1932. Head uarters, Cincinnati, O. Meets, ee 
troit Second Tuesday. Honorary Preadeat Capt. C. EB Hust. Presi- Northern Ohio: Organized, 1916. Headquarters, Cleveland, O 










: S. V. Sutfin, 1005-6 American Bldg., Cincinnati 2. Secre- 


. W. Edwards, 626 Broadway, Rm. 307, Cincinnati 2. 


City Connecticut So nized, 1940. Headquarters, New Haven, Conn. 
President, easdale, 20 Ashman St. Secretary, Winfield 
"hae 405 Met iple St. 


Sup- 


llway) 






> : Organized, 1939. Headquarters, New Orleans, La. Meets, 
dar sonst ‘Tuesday. President, L. V. Cressy, 423 Baronne St., New 
Orleans 13. Secretary, J. §. Burke, 317 Baronne St., New Or- 
Pa Beans 9. 
asur or Gate: Organized, 1937. Headquarters, San Francisco, 
if. Meets, First Wednesday. President, C. L. Peterson, 2 
nver Indian Rock Path, Berkeley. Secretary, James Gayner, 260 Cali- 
Sn fornia St., San Francisco il. 
; WWinois: Organized, 1906. Headquarters, Chicago, - Meets, 
Cok Second Monday. President, A. O. M . . Jackson 


D Bivd., Chicago 4. Secret c ven a a R 1605, 
cretary, 4 ° urnam, ; 00) 
 Bé N. Michigan Ave., Chicago 2. * r 


iting 


indiana: Organized, 1943. Headquarters, Indianapolis, Ind. 
‘ous. fg Meets, Fourth Friday. President, W. C. Bevington, 730 indiana 
on Pythian Bldg. Secretary, C. W. Stewart, 1001 York St. 
Fen- lowa: Organized, 1940. Headquarters, Des Moines, Ia. Meets, 
a Tuesday. President, W. W. Stuart, 417 9th St. Secretary, 
lph E. Hedeen, 1421 Bertch, Waterloo. 


Kansas City: Organized, 1917. Headquarters, Kansas City, Mo. 
ling Meets, First Monday. President, D. M. Allen, 215 Pershing Rd., 
Kansas City 8. Secretary, R. E. Bade, 1102 Commerce Bldg. 


c Manitoba: Organized, 1935. Headquarters, Winnipe Man. 
0 Meets, Third Thursd President, Einar Anderson, 162 Banner. 
man Ave. Secretary, F. T. Ball, 810 9th Ave., W., Calgary, Alta. 
lar’ Massachusetts: Organized, 1912. Hise uarters, Boston, Mass. 
Meets, Thira Tuesday. President, D i seher, ' 143 Federal St., 
4 Boston 10. Secretary, C. W Larson, ist ‘Sycamore St., Roslindale. 
bli Michigan: Organized, 1916. Headquarters, Detroit, Mich. Meets 
First ve. W.. Det 10th of month. Presiden H. Old, 1761 
Co- Forest AV Detroit 8. Secretary, A. E. Kn bh 1003 Maryland 
Ave., Detroit 30. 
usir Minnesota: Organized, 1918. Headquarters, Minneapolis, Minn. 
Meets, First Monday. President, F. W. ; 2? W. 28th St. 


Secretary, Schernbeck, 1057 10th Ave. 8S. 

Montreal: Patrsesy 190s. Beodevartes Montrea Que. Meets 
Third Monday. President, M. Peart, “S3t Craig W. Secretary, 
Leo Garneau, Room 832, yt Square Bldg 


‘ort Nebraska: sorrel 1940. Headquarte _ Meets, Sec- 
bd. ond a esident, B. G. Peterson, 6235 ay "Blvd. 
Sec re BY E. McCulley, 1101 a St., Omaha 8 
rk New Y Organ 1911. Headquarters, New York, N. Y. 
my Thine ork. 68 ident, Fo na. “ne isherdees 
ae inten i Ave., New York 10. et : 
North Carolina: O ized, 1939. Headquarters, Durham, N. 
Meets, Quarterly. dent, F. E. P. K 1034 Paros 
Standard Bldg., Greensboro. Secretary, W. L. Hunken, 707 Guil- 
Ve ford Bldg., Greensboro. 


Second Monday. President, D. L. Taze, 1302 Swetiana 


Meets, 
‘ag Cutting, 3795 Glenwood 


Bidg., Cleveland 15. 
Rd., Cleveland Heights 


Oklahoma: Organized, 1935. Headquarters, Oklahoma City, Okla. 
Meets, Second Monday. President, E. T. P. Ellingson, 314 Sav- 
ings Bidg., Oklahoma City 2 Secretary, G. T. Donceel, Oklahome 
Natural Gas Co. 


Ontario: Organized, 1922. Headquarters, 
First Monday. President, A. S. Morgan, 156 Glenmanor Dr. 
retary, H. R. Roth, 57 Bloor St., W. 


Oregon: Organized, 1939. Headquarters, Portland, Ore. Meets, 
Thursday after First Tuesday. President, E. C. Willey, Oregon 
a | College, Corvallis. Secretary, G. H. Risley, 516 S. W. Oak 


~epeeds R. H. 


Toronto, Ont. Meets, 
Sec- 


, Portland 4 
pte Northwest: Organized, 1928.- Headquarters, Seattle, 
Wash. Meets, Second Tuesday. ae M. N. Musgrave. 
2019 Third Ave., Secretary, b. Sparks, 7331 W. 


Seattle 1. 
Green Lake Way, Seattle 3. 


Philadelphia: Organized, 1916. Headquarters, Philadelphia, Pa. 
Meets, Second Thursday. President, A. C. Caldwell, 550 So. 48th 
St., Philadelphia 43. Secretary, J. Oo. Kirkbride, Fourth and 
Locust Sts., Philadelphia 6. 


Pittsburgh: Organized. 1919. Pittsburgh, Pa. 
Meets, Second Monday. a. wy -* er eck well Carnegie in- 
stitute of Technol , Schenle ‘Park. "Secretary, E. H. Ries- 
meyer, Jr., 231-33 Water St., Pittsburgh 2 


St. Louis: Organized, 1918. aise ON St. Louis, Mo. Meets, 
First Tuesday. President, G. B. Rodenheiser, 4431 Finney Ave., 
St. Louis 13. Secretary, Bm i Evans, 571 Stratford Ave., Uni- 
versity City. 


South Texas: Organized, 1938. Headquarters, Houston, Texas. 
Meets, Third Friday. President, A. B. Banowsky, 3735 Ingold, 
Houston 5. Secretary, B. P. Fisher, Box 92, Houston 1. 


Southern California: Organized, 1930. Headquarters, Los An- 
goles, Calif. Meets, Second Wedne esday. President, Leo Hunger- 
sore, 3485 Wonderview Pi., Los Angeles 28. Secretary, Arthur 

eobald, 336 North Foothill Rd., Beverly Hills, Calif. 


Washington, D. C.: Organized, 1935. Headquarters, Washing- 
ton, D. C. Meets, Second Wednesday. President, J. W. Markert, 
8506 Garfield St., Bethesda, Md. Secretary, A. S. Gates, Jr., 111 
County Rd., Kensington, Md. 


Western Michigan: Organized, 1931. Headquarters, Grand 
Rapids, Mich. Meets, Second Monday. President, H. D. Bratt, 
2259 Stafford Ave., S. W., Grand Rapids 7. Secretary, Frank 
Harbin, Jr., 181 West 2ist St., Holland. 


Ms ee New York: Organized, 1919. Headquarters, Buffalo, 
» A aisots, Second 4 President, 8. . Strouse, 493 
Fran klin St., Buffalo 2. Secre , G. B. Adema, 39 W. Balcom 


Wisconsin: Organized, 1922. 
Meets, Third Monday. Presiden 
St.. Milwaukee 1. Secretary, M. 
Ave., Milwaukee 3 


Ve eo Milwaukee, Wis. 
Haus, 3880 N. Richards 
W. Bishop, 231 W. Wisconsin 
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Special Committees 


Admission and Advancement: T. T. Tucker, Chairmun (one year) ; 
H. B. Hedges (two years) ; C. H. B. Hotchkiss (three years). 


ASHVE-IES Joint Committee on Lighting and Air Conditioning: 
P. M. Rutherford, Jr.. Chairman; W. R. Beach, B. C. Candee, 
W. G. Darley, Bruce Jensen, C. L. Kribs, Jr. 


Chapter Relations: H. E. Sproull, Chairman; W. A. Danielson. 
Cc. W. Johnson, C. E. Price, M. F. Rather, T. D. Stafford. 


Code Committee on Testing of Heavy Duty Fan Furnaces: E. K. 
Campbell, Chairman; H. D. Campbell, A. P. Kratz, W. J. 
MaGirl, A. A. Olson, B. B. Reilly, H. J. Rose, H. A. Soper. 


Constitution and By-Laws: John Howatt, Chairman; R. H. Car- 
penter, W. A. Russell. 


F. Paul Anderson Award: C.-E. A. Winslow, Chairman; D. S. 
Boyden, L. L. Lewis, F. C. McIntosh, J. H. Walker. 


Guide Publication: J. F. Collins, Jr., Chairman; W. C. Bevington, 

Cc. 8. Leopold, T. F. Rockwell, G. H. Tuttle. 
Publication: J. H. Walker, Chairman (one year); L. E. Seeley 
(two years); A. P. Kratz (three years). 


War Service: J. C. Fitts, Chairman; E. K. Campbell, W. H. 
Driscoll, E. O. Eastwood, John Howatt. 


°*@- 
Committee on Research 


G. L. Tuve, Chairman 
H. J. Rose, Vice-Chairman 
Cyrit Tasker, Director of Research 


A. C. FYBLDNER, Ex-Officio 


Three Years: C. M. Asuuey, F. E. Gruesecxe, F. C. McInrosn, 
G. L. Tuve, T. H. Urpant. 


Two Years: JoHN James, H. J. Ross, L. P. Saunpgrs, L. E. 
See.er, A. E. Stracer, Jr. 


One Year! C. F. Bogster, Jonn A. Gorr, W. E. Herper C. A. 
McKeeman, C.-E. A. WINSLOW. * 


Ezecutive Committee: G. L. Tuvs, Chairman; C. M. ASHLEY, 
Joun A. Gorr, H. J. Ross, T. H. Urpan1.. 


Technical Advisory Committees 


Air Cleaning: R. S. Dill, Chairman; J. J. Burke, C. J. Glanzer, 
Lt. Col. Theodore Hatch, W. C. L. Hemeon, M. H. Kliefoth, 
Dr. L. R. Koller, H. E. Lewis, Prof. C. A. McKeeman,* J. W. 
May, H. C. Murphy, G. W. Penney, Prof. E. B. Phelps, Prof. 
F. B. Rowley, G. H. Schember, J. B. Smith, W. O. Vedder, 
Capt. R. P. Warren. 


Air Conditioning in industry: W. L. Fleisher, Chairman; L. T. 
Avery, Comdr. A. R. Behnke, Dr. Leonard Greenburg, W. E. 
Heibel,* D. E. Humphrey, E. F. Hyde, L. L. Lewis, 0. W. 
Ott, Dr. R. R. Sayers, H. E. Ziel. 


Air Distribution and Air Friction: Prof. D. W. Nelson, Chairman; 
Cc. F. Boester,* S. L. Elmer, Jr.. W. H. Hoppman, F. J. 
Kurth, J. N. Livermore, R. D. Madison, Prof. L. G. Miller, 
Prof. G. B. Priester, L. P. Saunders,* Prof. M. C. Stuart, 
Ernest Szekely. 
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Air Sterilization and Odor Control: Dr. W. I. Wells, Chairma 
Dr. J. L. Buttolph, Dr. Leonard Greenburg, F. H. Munke 
G. W. Penney, Prof. J. A. Reyniers, Dr. Mildred Wells, | 
C.-E. A. Winslow.* 


Cooling Load in Summer Air Conditioning: W. E. Zieber, Chai 
man; O. W. Armspach, Frederick Boxall, N. B. Elliott, | 
John Everetts, Jr., W. F. Friend, R. H. Heilman, Jo) 
James,* Prof. C. F. Kayan, C. S. Leopold, Prof. C. O. Macks 
J. H. Walker. 


Corrosion: L. F. Collins, Chairman; R. C. Doremus, Dr. E. 
Guernsey, Prof. G. G. Marvin, A. R. Mumford, H. M. Not 
L. P. Saunders,* F. N. Speller, Lt.-Comdr. C. M. Sterne 


Flow of Fluids Through Pipes and Fittings: Dr. F. E. Giesecke * 
Chairman; T. M. Dugan, Prof. W. S. Harris, 8S. R. Lewis, 
P. Saunders.* 


Fuels: R. A. Sherman, Chairman; R. M. Conner, R. 8. Dill, R. 8 
Engdahl, L. N. Hunter, Prof. S. Konzo, W. M. Myler, Jr 
W. T. Reid, Dr. H. J. Rose,* C. E. Shaffer, T. H. Smoot, R. K 
Thulman, Comdr. T. H. Urdahl,* E. C. Webb. 


Giass: R. A. Miller, Chairman; L. T. Avery, H. C. Dickinson 
J. D. Edwards, J. E. Frazier, E. H. Hobbie, Dr. J. C. Hostet- 
ter, Prof. Axel Marin, W. C. Randall, Prof. L. E. Seeley,’ 
L. T. Sherwood, J. P. Staples, H. B. Vincent, G. B. Watkins 
F. C. Weinert. 


Heat Requirements of Buildings: P. D. Close, Chairman; C. M 
Ashley,* E. K. Campbell, J. F. Collins, Jr., Dr. F. E. Giesecke,* 
H. H. Mather, M. W. McRae, Prof. C. H. Pesterfield, Prof 
T. F. Rockwell, Prof. F. B. Rowley, R. K. Thulman. 


Heat Transfer of Finned Tubes: William Goodman, Chairman; 
Cc. L. Bensen, W. E. Heibel,* J. W. McElgin, R. H. Norris, 
L. P. Saunders,* L. G. Seigel, W. C. Whittlesey. 


instruments: C. M. Ashley,* Chairman; Prof. L. M. K. Boelter, 
E. L. Broderick, R. S. Dill, R. B. Engdahl, Lt. Col. A. P. 
Gagge, Dean John A. Goff,* Prof. C. M. Humphreys, Prof. 
R. C. Jordan, R. D. Madison, Prof. D. W. Nelson, W. R. 
Teller. 


insulation: Lt.-Comdr. E. R. Queer, Chairman; R. E. Backstrom, 
Cc. F. Boester,* T. H. Coulter, J. D. Edwards, Prof. F. G. 
Hechler, H. E. Lewis, Prof. C. E. Lund, H. E. Robinson, T. D 
Stafford, Prof. G. B. Wilkes, P. M. Woodworth. 


Physiological Reactions: Dr. R. W. Keeton, Chairman; Dr. Thomas 
Bedford, Comdr. A. R. Behnke, Dr. A. C. Burton, Dr. E. F. 
DuBois, Lt. Col. A. P. Gagge, Comdr. F. C. Houghten, Dr. 
A. C. Ivy, Dr. R. R. Sayers, Dr. Charles Sheard, Col. A. D 
Tuttle, Dr. C.-E. A. Winslow.* 


Psychrometry: J. H. Walker, Chairman; W. H. Carrier, Dr. H 
C. Dickinson, Dean John A. Goff,* William Goodman, Dr. D. 
M. Little, Prof. A. P. Kratz, C. O. Mackey, W. E. K. Middle- 
ton. 


Radiation & Comfort: J. C. Fitts, Chairman; R. E. Daly, Dr. F. 
E. Giesecke,* L. N. Hunter, Prof. F. W. Hutchinson, John 
James,* Prof. A. P. Kratz, C. S. Leopold, E. M. Mittendorff, 
L. L. Munier, Prof. D. W. Nelson, G. W. Penney, W. R 
Rhoton. 


Sensations of Comfort: Thomas Chester, Chairman; G. D. Fife, 
E. P. Heckel, N. A. Hollister, Lt. Col. W. J. McConnell, F. C. 
MciIntosh,* A. B. Newton, Prof. B. F. Raber, K. EB. Robinson, 
H. A. Thornburg, Prof. C. P. Yagilou. 


Sorbents: Lt. John Everetts, Jr., Chairman; R. E. Cherne, O. D 
Colvin, F. C. Dehler, Ralph Fehr, Dean John A. Goff,* W. R. 
Hainsworth, C. H. B. Hotchkiss, J. C. Patterson, G. L. Simp- 
son. 


Sound Control: R. D. Madison, Chairman; C. M. Ashley,* Dr. P. 
H. Geiger, W. W. Kennedy, G. C. Kerr, A. G. Sutcliffe, Comdr. 
T. H. Urdahl,* T. A. Walters. 


Weather Design Conditions: Comdr. T. H. Urdahl,* Chairman; J. 
C. Albright, C. E. Bentley, R. E. Biller, H. S. Birkett, P. D. 
Close, J. F. Collins, Jr., Lt. John Everetts, Jr., J. P. Fitz- 
simons, Prof. C. M. Humphreys, Capt. J. Donald Kroeker, 
Comdr. F. W. Reichelderfer. 





*Member of Committee on Research. 














